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observatory also observes UHECRs via EAS fluorescence in the angular range from below
the limb to ⇠47 from nadir (shown in the right panel of Figure 2).

Outline

Upward t-lepton EAS E ≳ 20 PeV
via Cherenkov: ~10 nsec timescale

Stereo Viewing of UHECRs E ≳ 20 EeV
via Fluorescence: 10’s of µsec timescale
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configuration). For shorter-duration transients, the two POEMMA telescopes will conduct
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POEMMA: Heritage
Based on OWL 2002 study, JEM-EUSO, EUSO balloon experience, and CHANT proposal
TUS, KLYPVE-EUSO
MASS:*Maximum*
Energy*Auger*(Air)*
Shower*Satellite*
******Italian*Mission

EUSO-SPB1

OWL
2002
design

CHANT

EUSO:

Extreme Universe
Space Observatory
Cherenkov from Astrophysical
Neutrinos
Telescope

EUSO-Balloon
EUSO@TA
Mini-EUSO
1-Oct-21
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POEMMA: Science Goals
POEMMA Science goals:
primary
- Discover the origin of Ultra-High Energy Cosmic Rays
Measure Spectrum, composition, full-Sky Distribution at Highest Energies (ECR > 20 EeV)
Requires very good angular, energy, and Xmax resolutions: stereo fluorescence
High sensitivity UHE neutrino measurements via stereo fluorescence measurements
- Observe Neutrinos from Transient Astrophysical Events
Measure beamed Cherenkov light from upward-moving EAS from t-leptons source by
nt interactions in the Earth (En > 20 PeV)
Requires tilted-mode of operation to view limb of the Earth & ~10 ns timing
Allows for tilted UHECR air fluorescence operation, higher GF but degraded resolutions
secondary
√s ≈ 450 TeV @ 100 EeV
- study fundamental physics with the most energetic cosmic particles: CRs and Neutrinos
- search for super-Heavy Dark Matter: photons and neutrinos
- study Atmospheric Transient Events, survey Meteor Population
1-Oct-21
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POEMMA: UHECR Exposure History

JCAP06(2021)007

JCAP06(202

Figure 2. POEMMA observing modes (see also § 4). Left: POEMMA-Stereo mode to observe
fluorescence from UHE cosmic rays and neutrinos in stereo. (Telescope separation ≥300 km and
pointing close to nadir for the most precise measurements at 10s of EeV.) Right: POEMMA-Limb
mode to observe Cherenkov from cosmic neutrinos just below the limb of the Earth and fluorescence
from UHECRs throughout the volume. (Telescope separation ≥25 km and pointing towards rising or
setting source for ToO-stereo mode.)

These groundbreaking measurements are obtained by operating POEMMA’s two telescopes (described in figure 1 and table 1) in different orientation modes. The first is
POEMMA-Stereo, a quasi-nadir configuration, optimized for stereo fluorescence observations
of UHECR and UHE neutrino (shown in the left panel of figure 2). The second is POEMMALimb, a tilted configuration pointed towards the Earth’s limb as shown in the right panel
of figure 2. POEMMA-Limb is designed to simultaneously search for cosmic neutrinos from
just below the limb via the EAS Cherenkov signals and for UHECRs via fluorescence in the
angular range from below the limb to ≥45¶ from nadir. In addition, observations of cosmic
ray Cherenkov signals just above the limb can also be made for calibration and background
estimation.
To follow up ToO transient alerts, the observatory is swiftly positioned in POEMMAmode pointing towards the rising or setting source position to search for neutrino
in time as comparedLimb
to current
ground-based
emission associated with the astrophysical event. If transient neutrino events lasting longer
from nadir to limb observations.
Dottedthelines
than a day are uncovered,
spacecraft
propulsion
will bring the
POEMMA teleFigure
2. systems
POEMMA
observing
nuTau2021 Workshop
6 modes
scopes closer together to observe the ToO source with overlapping instrument light pools,
fluorescence
UHE
cosmic (denoted
rays and
lowering the energy threshold for neutrino
detection via from
the use of
time coincidence

Figure 3. The range of POEMMA’s
exposure growth
Olinto_2021_J._Cosmol._Astropart._Phys._2021_007
UHECR experiments depending on observation mode:
1-Oct-21
xtrapolate Auger
and TAx4 observations to 2030.
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POEMMA: Instruments defined by weeklong IDL run at GSFC
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Imaging ~104 away from diffraction limit

POEMMA: Schmidt Telescope details

Two 4 meter F/0.64 Schmidt telescopes: 45∘ FoV
Primary Mirror:
4 meter diameter
Corrector Lens:
3.3 meter diameter
Focal Surface:
1.6 meter diameter
Optical AreaEFF:
~6 to 2 m2
Hybrid focal surface (MAPMTs and SiPM)
3 mm linear pixel size: 0.084 ∘ FoV
1-Oct-21
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RMS spot size → 3 mm pixels
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POEMMA: Hybrid Focal Plane
Cherenkov Detection
with SiPMs (300 – 1000 nm):
20 nsec sampling

UV Fluorescence Detection using MAPMTs
with BG3 filter (300 – 500 nm) developed by
JEM-EUSO: 1 usec sampling
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Si-Diode for LEO radiation
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55 Photo Detector Modules (PDMs)= 126,720 pixels
1 PDM = 36 MAPMTs = 2,304 pixels
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POEMMA: Hybrid Focal Plane
Cherenkov Detection
with SiPMs (300 – 1000 nm):
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POEMMA: Mission (Class B) defined by weeklong MDL run at GSFC
Mission Lifetime:
Orbits:
Orbit Period:
Satellite Separation:
Satellite Position:
Pointing Resolution:
Pointing Knowledge:
Slew Rate:
Satellite Wet Mass:
Power:
Data:
Data Storage:
Communication:
Clock synch (timing):

3 years (5 year goal)
525 km, 28.5∘ Inc
95 min
~25 km – 1000+ km
1 m (knowledge)
0.1∘
0.01∘
8 min for 90 ∘
3860 kg
1250 W (w/contig)
< 1 GB/day
7 days
S-band
10 nsec

Flight Dynamics/Propulsion:
- 300 km ⟹ 50 km SatSep
- Puts both in CherLight Pool
- Dt =3 hr, 9 times
- Dt 24 hr, 90 times

Operations:
- Each satellite collects data autonomously
- Coincidences analyzed on the ground
- View the Earth at near-moonless nights,
charge in day and telemeter data to ground
- ToO Mode: dedicated com uplink to reorient satellites if desired
1-Oct-21
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POEMMA: UHECR Angular Resolution: see PhysRevD.101.023012
HiRes Stereo Observation

Stereo Reconstructed Zenith Angle Resolution

50 EeV simulated event

1-Oct-21

Stereo Geometric Reconstruction
- Intersection of EAS-detector planes
accurately defines the EAS trajectory
- Requires minimum opening angle
between planes ≳ 5∘
- With track selection → 80%
reconstruction efficiency
- FoVPIX = 0.084∘ coupled with small
RMS spot size allows for precise
determination
nuTau2021 Workshop

Stereo Reconstructed Azimuth Angle Resolution

40 EeV
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POEMMA: UHECR Performance: see PhysRevD.101.023012
Significant increase in exposure with all-sky coverage
Uniform sky coverage to guarantee the discovery of UHECR sources
Spectrum, Composition, Anisotropy ECR > 20 EeV
Very good energy (< 20%) & angular (≲ 1.2∘) resolutions -> composition (sXmax ≲ 30 g/cm2)
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Figure 1-Oct-21
6. Left: differential
exposure as a function
of declination for five years of POEMMA operations
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POEMMA: UHECR Performance: see PhysRevD.101.023012
Spectrum, Composition, Anisotropy ECR > 20 EeV
Very good energy (< 20%) & angular (≲ 1.2∘) resolutions -> composition (sXmax ≲ 30 g/cm2)
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Figure 7. Capability of POEMMA
to measure ÈXmax Í and ‡(Xmax ) for composition studies at
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UHEs. The width of the blue band illustrates the expected statistical uncertainties in five years of
POEMMA-Stereo (nadir) operations given the number of events per 0.1 in the logarithm of energy,
the Xmax1-Oct-21
resolution and efficiency for ◊ < 70¶ , and the intrinsic
shower-to-shower
fluctuations of
nuTau2021
Workshop
40 g/cm2 . The band spans the energy range for which more than 10 events are within a 0.1 decade

JCAP06(
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720

Michael Unger Work:
- Based on ad hoc model
extrapolating Auger
measurements below 40
EeV.
- Around 100 EeV,
POEMMA Xmax
uncertainty 0.1 – 0.2 p-Fe
separation → several
energy points above 40
EeV by POEMMA will
determine composition
evolution.
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POEMMA: UHECR Sky Coverage: see PhysRevD.101.023012
Significant increase in exposure with all-sky coverage
Uniform sky coverage to guarantee the discovery of UHECR sources
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1

this study.
It is worth noting that though many of the scenarios
included in this study are very similar to the maximumlikelihood search parameters obtained by the Auger collaboration [103], the maximum TS values obtained from
our simulations may be somewhat different than expected
based on the maximum TS values obtained Auger. This is

POEMMA: UHECR Anisotropy Analysis see PhysRevD.101.023012
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Figure 11: Left: Maximum likelihood-ratio as a function of energy threshold for the models based
on SBGs and gAGNs. The results are shown in the attenuation (full line) and no-attenuation
(dashed line) scenarios. Right: Cumulated test statistics for Ethr = 38 EeV as a function of the
time ordered number of events (for the SBG-only model). The number of events at the time of [39]
and of this conference are indicated
the red arrows. et al.
LUIS A.byANCHORDOQUI

FIG. 24. TS profile for 1400 events for a particular scenario using the starburst source sky map in Fig. 23. In the scenario pictured here,
the fraction of events drawn from the source sky map is f ¼ 10% (left) and 20% (right), and the angular spread is Θ ¼ 15°.
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likely due to the fact that certain catalogs contain powerful
sources in regions of the sky that are not accessible by
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by Auger (29.5; post-trial significance ∼4.5σ). However, if
TABLE II. TS values for scenarios with Θ ¼ 15°.

3. Hadronic interactions

These are also detailed in Table VIII.
The results show that assuming the POEMMA UHECR
statistics based on the measured Auger UHECR spectrum,
the probability of getting at least one UHECR background
event in the neutrino sample is 6.1% for XStart ≥
1500 g=cm2 while it is < 1% for XStart ≥ 2000 g=cm2.
Assuming the POEMMA UHECR statistics based on the

POEMMA: stereo reconstructed angular resolution: see PhysRevD.101.023012

Excellent angular resolution → accurate determination of slant depth of EAS starting point
100 EeV UHECR protons
Prob(XSRT ≥ 2000 g/cm2)

≈ 10-4

Upper: XSTART ≥ 1500 g/cm2
Lower: XSTART ≥ 2000 g/cm2

FIG. 42. Comparison of the instantaneous electron neutrino
apertures based on stereo air fluorescence measurements. Upper
points and curve are for X Start ≥ 1500 g=cm2 while the lower
points and curve are for X Start ≥ 2000 g=cm2. The lower curve is
85% of the upper curve over the energy band.

50 EeV simulated event
1-Oct-21

UHECR 100% proton assumption
most conservative
nuTau2021 Workshop
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POEMMA: Air fluorescence Neutrino Sensitivity: see PhysRevD.101.023012
For En ≳ 1 PeV, sCC & sNC virtually identical for n & nbar

Effectively comes for free in stereo UHECR mode
Assumptions:
- CC ne : 100% En in EAS
- CC nµ & nt : 20% En in EAS (gctt ≈ 5000 km)
- NC ne & nµ & nt : 20% En in EAS
UHECR Background Probabilities (1 event in 5 years):
- Auger Spectrum (100% H): < 1%
- TA Spectrum (100% H): ≈ 4%

These groundbreaking measurements are obtained by operating POEMMA’s two telescopes (described in figure 1 and table 1) in different orientation modes. The first is
E. Zas: nuTau21: The radio technique and UHE tau
neutrino searches
POEMMA-Stereo,
a quasi-nadir configuration, optimized for stereo fluorescence observations
of UHECR and
UHE neutrino
(shown in the left panel of figure 2). The second is POEMMA- 18
1-Oct-21
nuTau2021
Workshop
Limb, a tilted configuration pointed towards the Earth’s limb as shown in the right panel

JCAP06(2021

Figure 2. POEMMA observing modes (see also § 4). Left: POEMMA-Stereo mode to observe
fluorescence from UHE cosmic rays and neutrinos in stereo. (Telescope separation ≥300 km and
pointing close to nadir for the most precise measurements at 10s of EeV.) Right: POEMMA-Limb
mode to observe Cherenkov from cosmic neutrinos just below the limb of the Earth and fluorescence
from UHECRs throughout the volume. (Telescope separation ≥25 km and pointing towards rising or
setting source for ToO-stereo mode.)

Monte Carlo. They are derived from modeling of the
upward EAS development, Cherenkov signal generation,
and atmospheric attenuation of the Cherenkov signal (see
Ref. [57]). The EAS development is modeled using shower

POEMMA Tau Neutrino Detection: see PhysRevD.100.063010 and PhysRevD.102.123013
High-Energy Astrophysical Events generates
neutrinos (ne,nµ) and 3 neutrino flavors reach Earth
via neutrino oscillations: ne : nµ : nt = 1:1:1
POEMMA designed to observe neutrinos with E >
20 PeV through Cherenkov signal of EASs from
Earth-emerging tau decays.

tau

n

FIG. 10. The effective area (dashed disk on the figure) for a
τ-lepton air
tau shower that begins a path length s from the point of
emergence on the Earth. The local zenith angle of the line of
sight, of distance v, is θv . The inset shows the emergence angle
of the τ-lepton θtr .

FIG. 12. The effective Cherenkov angle of the air shower as a
function of altitude of the τ-lepton decay and elevation angle βtr
for an upward-moving 100 PeV EAS.

Astrophysics Measurements:
Regeneration Important!
123013-18

100 km

1-Oct-21
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ToO Neutrino Sensitivity: see PhysRevD.102.123013
17% hit for ignoring t → µ channel Long Bursts:
Short Bursts:
- 3 to 24+hr to move SatSep to 50 km
- 500 s to slew to source after alert
- Burst duration ≳ 105 s (models in plot)
- 1000 s burst duration
One orbit sky exposure assuming
- Average Sun and moon effects
- Source celestial location optimal
- Simultaneous Cher measurements
- Two independent Cher measurements slewing to source position
- 50 km SatSep
- 300 km SatSep
- 10 PE threshold (time coincidence):
- 20 PE threshold:
- AirGlowBack
< 10-3/year
- AirGlowBack
< al.
10-3/year
TONIA
M. VENTERS et
PHYS. REV. D 102, 123013
(2020)
1.0

2.72e-01

sin(Dec)

1.81e-01
0.0
1.36e-01
9.05e-02
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IceCube, ANTARES, Auger Limits for
NS-NS merger GW170817
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The POEMMA all-flavor 90% unified confidence level
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FIG. 2.

20

The POEMMA all-flavor 90% unified confidence level

POEMMA ToO Neutrino Sensitivity: see PhysRevD.102.123013
POEMMA’S TARGET-OF-OPPORTUNITY SENSITIVITY TO …

PHYS. REV. D 102, 123013 (2020)

FIG. 7. Left: sky plot of the expected number of neutrino events as a function of galactic coordinates for POEMMA in the long-burst
scenario of a BNS merger, as in the Fang and Metzger model [22], and placing the source at 5 Mpc. Point sources are galaxies from the
2MRS catalog [78]. Middle: same as at left for IceCube for muon neutrinos. Right: same as at left for GRAND200k. Areas with gray
point sources are regions for which the experiment is expected to detect less than one neutrino.

1-Oct-21

FIG. 8. Left: sky plot of the expected number of neutrino events as a function of galactic coordinates for POEMMA in the best-case
short-burst scenario of an sGRB with moderate EE, as in the KMMK model [17], and placing the source at 40 Mpc. Point sources are
galaxies from the 2MRS catalog [78]. Middle: same as at left for IceCube for muon neutrinos. Right: same as at left for GRAND200k.
Areas with gray point sources are regions for which the experiment is expected to detect less than one neutrino.
nuTau2021 Workshop
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EUSO-SPB2: Sources of Cherenkov Signals

Detailed CT response
EUSO-SPB2 Cherenkov Telescope

Mahdi Bagheri

Above-the-limb: UHECR
E&M and muon EAS
Cherenkov
Figure 1: Left: EUSO-SPB2 payload, with the Fluorescence telescope pointing down for detecting UHECR
and the Cherenkov telescope pointing at the Earth limb to detect VHE-neutrinos below-the-limb and UHECR
via Cherenkov radiation above-the-limb. Right: Close-up of the Cherenkov telescope with the corrector plate.

Aniton
Cherenkov

projects the image twice on the camera with a horizontal offset of 12 mm. The split is achieved by
rotating the optical axis of the lower and upper row of mirrors 0.4 relative to each other [9].

3. Camera
3.1 Focal plane

1-Oct-21

Star Signals

Diffuse and ToO
nt Cherenkov

The focal plane of the Cherenkov telescope is instrumented with a 512 pixel silicon photomultiplier
(SiPM) camera yielding an overall field of view of 12.8° ⇥ 6.4° in the horizontal and vertical,
respectively. The size of a pixel is 6.4 mm ⇥ 6.4 mm and 16 pixels are grouped into a 4 ⇥ 4 matrix.
The SiPM matrices are of the type S14521-6050AN-04 from Hamamatsu. The camera is populated
with a total of 32 such matrices. The chosen SiPM has a broad sensitivity from 200 nm to 1000 nm
with a peak photon detection efficiency of 50% at 450 nm. At the operating voltage, direct optical
cross-talk is only 1.5% and the temperature dependence of the gain is only ⇠ 0.5%/°C.

nuTau2021 Workshop

PoS(ICRC2021)1191

Reflected UHECR
Cherenkov
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Future Modeling Motivation from initial Simulation Studies
MODELING OF THE TAU AND MUON NEUTRINO-INDUCED …

Space-based Diffuse flux sensitivity
our curves are largely in agreement with [66]. However, if
limited by Field-of-View, exposure and or
we use the fit described in the text above, which models
better the tails of the spatial profile for high altitude shower
energy threshold:
development, our calculated geometric aperture is larger
than the geometric aperture computed in [66] at neutrino
- For POEMMA:
energies greater 1018 eV, with nearly an order of magnitude
increase at 1020 eV.
≳
2
- Optical Cherenkov: En
0 PeV,
The detector sensitivity to neutrino fluxes is defined as
the
minimum flux detectable by the instrument and, as
but view of limb is 7∘ × 30∘,
discussed in [66], it can be computed as:
TONIA M.IceCube/NASA
VENTERS et al.
exposure limited compared to
2.44N ν
Fsens ðEν Þ ¼
ð17Þ
lnð10ÞE
current ground-based
ν hAΩiðEν Þtobs
where N ν ¼ 3 is the number of neutrino flavors and the
experiments → goto Df = 360∘?
numerical factor 2.44 is the number of neutrino events
(above threshold) required to be detected per decade in
- Fluorescence: large neutrino
energy to reach a confidence level larger than 90%
[103,104]. The total observation time tobs is estimated to
aperture, but En ≳ 20 EeV
be 5 yr for the POEMMA mission and 100 d for the EUSOSPB2 mission, both with similar duty cycles of 20%.
- However, sensitivity to transient
The sensitivity curves for POEMMA and EUSO-SPB2
in the different neutrino detection channels (as labeled) are
sources ~ instantaneous neutrino
shown in Fig. 23, with solid lines corresponding to an
aperture & can ‘follow source’ :
azimuth range of 2π and the dashed lines to the actual
azimuth ranges of POEMMA and EUSO-SPB2. The
sensitivity assumes Aeff = 2.5 m2
shaded areas in Fig. 23 correspond to the cosmogenic

Motivates the development of a
robust, versatile simulation tool and
to include EAS radio signal
generation.
1-Oct-21

PHYS. REV. D 103, 043017 (2021)

PHYS. REV. D 102, 123

for energies below ∼108 GeV, sensitivity d
= 360∘ Even
20% in
Duty
location
the Cycle;
sky as solid
well Df
as energy.
optimal source locations, depending on the neu
trum of the source, POEMMA may be able to d
that IceCube will not.
In the left column of Fig. 3, we provide sky
all-flavor sensitivity for long bursts, including t
dependent factor f t plotted in Fig. 1, as a func
position in galactic celestial coordinates for
incident tau neutrino energies, 108 and 109
neutrino flux, as computed in [7], produced by the reference, we include several selected near
interaction of UHECR with astrophysical backgrounds.
The expected flux of cosmogenic neutrinos strongly and/or relevant sky regions (i.e., the Telescope
depends on the UHECR mass composition and on the spot [71,72]) in the sky plots of Fig. 3. In Table I
cosmological evolution of UHECR sources. In Fig. 23, red minimum
FIG. 23.
Neutrino
scaled all-flavor
by neutrino energy
squared
PhysRevD.103.043017:
and sensitivity
maximum
sensitivities
shaded areas correspond to a pure proton composition of
for POEMMA [upper panel] and EUSO-SPB2 [lower panel],
et UHECR
al, all-flavor
PhysRevD.102.123013
A.L.
Cummings,
Aloisi,
J.F. Krizmanic
fluxes
for 20%
theR,andthree
flavors,
assuming
duty cycle
flight neutrino
times of 5 y and
100 d, fo
FIG. 2. Venters
The POEMMA
90%
unified
confidence
while the
purple
areas correspond
to level
the mixed equal
respectively.
Solid
lines
correspond
to
Δϕ
¼
360°
azimuthal
8
9
10
E
mass
composition
observed
by
Auger
[53].
Different
sensitivity per decade
in energy for long-burst observations in
10field
10
, and
10 →GeV.
nuTau2021
23to channels.
of EAS
view and
while ndashed
ΔϕE ¼ 30°
nµ →
µ, →
tlines
µ → EAS
→ correspond
choices of Workshop
the cosmological evolution of UHECR sources
t
ToO-stereo mode (N PE
>
10)
(purple
bands),
compared
with
(POEMMA)
and
Δϕ
¼
12.8°
(EUSO-SPB2).
The
red
and
purplebur
For
the
neutrino
sensitivity
for
short
E
are also plotted in Fig. 23 with the (shaded) upper curve

average Cloud Top Pressure (CTP) probability
t-lepton decay induced
Upward-moving EAS
properties
Monte Carlo simulations with nuPyProp
Sameer Patel
an atmospheric model of the user’s choosing,
COSMIC TAU NEUTRINO DETECTION VIA CHERENKOV …
PHYS. REV. D 100, 063010 (2019)
generated, and to facilitate a web interface via
4. Results and Comparisons
PoS(ICRC2021)1203 : S. Patel, M.H Reno, for nSpaceSim

along the line of sight. Relations between angles and
distances
are listed
in Appendix A.Eloss
Stochastic
vs Continuous
In order for the detector to receive Cherenkov radiation
from a neutrino-induced EAS, the τ-lepton must emerge
with a trajectory with an elevation angle βtr (θtr from the
local zenith) that is within a factor of the Cherenkov angle
θCh from the line of sight with the detector, namely,
FIG. 16. The intensity and wavelength dependence of the
location
within
βtr ¼ βv " θCh . Hence, at any given
Cherenkov
signal
for 100the
PeV upward-moving EASs for a 5°
angle as
a function of EAS starting altitude.
field of view of the detector, onlyEarth-emergence
those neutrinos
with
specific trajectories through the Earth will be detectable.
altitudedepth
of 33 km,
the probability for a τ-lepton decay above
These trajectories determine the column
of material
that altitude through
is 0.33, while
neutrinos must traverse as they propagate
the for βtr ¼ 10° for the same
τ-lepton energy, the decay probability above a ¼ 33 km is
Earth. Similar arguments can be made
instruments
0.70.for
This
is illustrated that
in Fig. 17, which shows the fraction
make use of the radio detection technique.
of τ-lepton decays at an altitude larger than 33 km as a
FIG. 15. Upper panel: The
The spatial
profile of
the Cherenkov
PhysRevD.100.063010:
Cherenkov
angle
in airEarth
at seafunction
level angle
isofθ τ-lepton
¼ 1.5°,energy
so as and βtr ¼continuous
1°–10°, with colored
3: altitude
Exit probability
%exitPeV
versus
Vtr for stochastic (solid) and
525 km
for a 100
upward emergence
signal (photons=m2 ) atFigure
bands
marking
increments
of
0.1
in
the
tau decay fraction.
Fig.
1
shows,
β
≃
β
and
θ
≃
θ
.
The
geometry
will
be
M.H. Reno,, J.F. Krizmanic, & T.M Venters
(dashed) energyangle
loss modeling
(upper)
and
tr
v(aatg !
tr
v the ratio of stochastic to continuous evaluation of %exit
EAS with a 10° Earth-emergence
initiated
seag)level.
For small βtr , the line of sight distance v is large, so except
(lower).
discussed
in
more
detail
in
Sec.
IVA.
Lower panel: The simulated Cherenkov spectrum observed at
for the highest energies, almost all of the τ-leptons decay
FIG. 1. Geometry for detecting an EAS from525
ankmupwardaltitude for the EAS.
Assuming a spherical Earth, the below
chorda length
of the
the other hand, for larger β , v is
¼ 33 km.c On
tr
moving tau neutrino. The angles βv and θv label the elevation
path through the Earth for a neutrino trajectory with
angle and local zenith angle for the point along the line of sight.
elevation angle βtr is given by
Eventually the atmosphere becomes too rarefied for
Angles βtr and θtr describe the emerging tau trajectory.

PoS(ICRC2021)1205 : nSpaceSim Collaboration
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complete EAS development at altitudes ≳17 km. The
c ¼at2R
ð1Þ
Cherenkov
angle becomes significantly reduced
higher
E sin βtr ;
Altitude [km]
altitudes and the Cherenkov threshold energy is increased
neutrino propagation along trajectories
through
Earth
3
33the
due
to the
index 525
ofwhere
refraction
(Nairkm
) approaching
¼ air
6371
is the radius of the Earth. The
RE of
unity.
Thesein
combine to lead to a significant reduction in
that
are
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by
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detection
geometry,
shown
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Cherenkov
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Fig. 1. We begin with a summary of our notationthe
in Sec.
II A. intensityisforgiven
byaltitudes. The energy
their developmentβtrabove
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interacts
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process
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0
decay
aboveIn
an altitude of 17 km.
occur multiple times,
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on
the
energy
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angle.
3
4.42
6.64
12.33
The fact that UHE τ-leptons can decay at altitudes
Secs. II B, II C and II D, we describe how we incorporate
where
s is the distance along the path traversed through the
comparable to that
used by balloon-borne experiments is
5
6.53
9.14
16.24
these elements in our simulation. Section II E shows
results
Earth
and
ρðs; studies
βtr Þ is the
density
an interesting phenomena. Initial
indicate
that of the Earth along the path
7
8.58
11.44
for tau exit probabilities
and tau
energy distributions,
foron
a 19.60
lengthballoons
at s foratthealtitudes
trajectory.
Wekmdistinguish between column
instruments
scientific
a ≃ 33
could be in the 24.09
electromagnetic
of the
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for the neutrino
fixed tau neutrino
Transmission
10incident energy
11.63and angle.14.74
depth
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chord
length
because
17. ⇢ The
fraction
of taus that decay
7interaction
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Figure 4: Outgoing g-lepton energy distributions forFIG.
incident
a = 10 GeV (left) and ⇢ a = 10 GeV (right),
τ-lepton energies
above
∼EeV
for the
Earth-emergence
anglesfor the
33 km,
as a function
of βtr and log10 ðEτ =GeVÞ. The colored
functions, the ratios
of
outgoing
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tau
length
and
energy
losses
produced
τ-lepton
with
V
=
1
(upper)
and
V
=
20
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15
16.67
20.02
30.83 tr
tr
below
βtr ∼ in
bands show 0.1 increments of the tau decay fraction.
10°. For βtr ¼ 1° and Eτ ¼ 1010 GeV, at an
neutrinos, as functions of energy and angle are
shown

Figure 3: The average longitudinal EAS profiles from the CONEX simulation for 100 PeV
pions for 5 Earth-emergence angle as a function
of EAS starting altitudes. The various components (solid lines) are compared to the Greissen
parameterization (black boxes).

depend on the column depth whereas the probability of the
25
26.70
30.32
43.01
We show selected results and comparisons here. The exit probability decreases as a function
Sec. II F. The results presented in Sec. II are related to tau
τ-lepton
decaying prior to emerging through the
surface
1-Oct-21
of Earth emergence angle as the neutrino fluxnuTau2021
is attenuated. WeWorkshop
see a decrease of ⇠10% in the exit
35
36.72
40.47
54.44
neutrino and tau propagation in the Earth. Section III is
depends on the remaining distance to the surface.
063010-12
focused on tau-neutrino-induced air showers from tau decay
For the density of the Earth, we use a multishell model

Optical Detector Modeling: The resultan
24
tion after atmospheric attenuation is recorded

Simulation Architecture
- Vectorized Python wrapper than schedules
modules written in higher-level languages,
C, C++, Fortran.
- Inherent multi-core processing via Dask
- XML input format and HDF5 library and
output format
- Led by Alex Reustle (GSC)

- Libraries pre-generated, with code of user
to re-generate:
- t-lepton exit Probability (nuPyProp,
nuTauSim)
- t-lepton decay tables (Pythia)
- EAS longitudinal profiles (CONEX)

Altitude dependence
Upward EAS Radio

- Optical:
- Optical Cherenkov properties via EAS age
- Atmosphere definition:
- Baseline for Rayleigh scattering,
aerosol & ozone absorption
- Cloud libraries from MERRA-2 database
- Detailed Optical Detector modeling

- Radio: based on ZHAireS simulated libraries
1-Oct-21
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User Input, Geometry, Tau Yield, EAS Generation
19
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User Input
Observatory Altitude

Earth Density Model

Detector Response
Detection Threshold

Neutrino Energy
Interaction Models

FIG. 10. The e↵ective area (dashed disk on the figure)
for a ⌧ -lepton air shower that begins a path length s from
the point of emergence on the Earth. The local zenith
angle of the line of sight, of distance v, is ✓v . The inset
shows the emergence angle of the ⌧ -lepton ✓tr .

Master Loop
Tau Propagation

Geometry

Sampled Libraries
Particle Trajectory
Samplng

t-lepton Exit
Probability

Geometric
Acceptance (AW)G

Tau Decays
t-lepton Decay
Altitude

Decay Products
x10-2

v2.0!
Radio Signal

Sampled Libraries
ZHAireS EAS and
fluxes
Radio Signal Gen

Sky map of the sensitivity to transient neutrino
11. The exit probability for a ⌫ of a given energy
forFIG.
theas a ⌧ -lepton
EUSO-SPB2
assuming
to emerge
as a function of ULDB
elevation angleinstrument
Signal at FEE
.
observations in astronomical night near new moon.
For ⌧ -lepton air showers,
it is common to use the
implementation
in progress.
⌧

local elevation
angle to describe the trajectory rather
1-Oct-21
than the local zenith angle. The elevation angles,
labeled with , are defined by angles relative to the
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T. Venters, M.H. Reno, J.F. Krizmanic
PoS(ICRC2021)977

nuPyProp:S. Patel & M.H. Reno: PoS(ICRC2021)1203
Will also include nuTauSim PExit
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Software Website: https://heasarc.gsfc.nasa.gov/docs/nuSpaceSim/

nuPyProp has been released!

b Version Optical Cherenkov Results
<NuSpaceSimParams>
<DetectorCharacteristics Type="Satellite" Method="Optical">
<QuantumEfficiency>0.2</QuantumEfficiency>
<TelescopeEffectiveArea
Unit="Sq.Meters">2.5</TelescopeEffectiveArea>
<PhotoElectronThreshold Preset="True">
<NPE>10</NPE>
</PhotoElectronThreshold>
<DetectorAltitude Unit="km">525.0</DetectorAltitude>
<InitialDetectorRightAscension
Unit="Degrees">0.0</InitialDetectorRightAscension>
<InitialDetectorDeclination
Unit="Degrees">0.0</InitialDetectorDeclination>
</DetectorCharacteristics>
<SimulationParameters DetectionMode="Diffuse">
Black: nSpaceSIm1.0
<MaximumCherenkovAngle
Red: based on PhysRevD.100.063010
Unit="Degrees">3.0</MaximumCherenkovAngle>
<AngleFromLimb Unit="Degrees">7.0</AngleFromLimb>
<TauShowerType Preset="True">
<FracETauInShower>0.5</FracETauInShower>
</TauShowerType>
<NuTauEnergySpecType SpectrumType="Mono">
<NuTauEnergy>8.0</NuTauEnergy>
Vectorized Python wrapped higher-level language
</NuTauEnergySpecType>
<AzimuthalAngle Unit="Degrees">360.0</AzimuthalAngle>
code with inherent multi-processing: takes ~ 5 hours
<NumTrajs>1000000</NumTrajs>
to do this energy scan on my Mac
</SimulationParameters>
</NuSpaceSimParams>
1-Oct-21
nuTau2021 Workshop
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Summary
POEMMA is designed to open two new Cosmic Windows:
- UHECRS (> 20 EeV), to identify the source(s) of these
extreme energy messengers
- All-sky coverage with significant increase in exposure
- Stereo UHECR measurements of Spectrum,
Composition, Anisotropy ECR ≥ 50 EeV
- Remarkable energy (< 20%), angular (≲ 1.2∘),
and composition (sXmax ≲ 30 g/cm2) resolutions
- Leads to high sensitivity to UHE neutrinos (> 20 EeV)
via stereo air fluorescence measurements
- Neutrinos from astrophysical Transients (> 20 PeV)
- Unique sensitivity to short- & long-lived transient
events with ‘full-sky’ coverage
- Highlights the low energy neutrino threshold nature
of space-based optical Cherenkov method, even with
duty cycle of order ~ 20%
- Astrophysics work continues including POEMMA
sensitivity to SHDM → n’s
C. Guepin et al.: arXiv:2106.04446 accepted in PhysRevD
1-Oct-21
11-Oct-2019

Fluorescence
n Sensitivity

Cherenkov nt
Response
diffuse

Work in Progress:
- Awaiting Results from Astro2020
- nSpaceSim: Neutrino Simulation Devlopment:
- EUSO-SPB2 (with Cherenkov Camera) under
development to ULDB fly in 2023.
- Future Experimental Development:
- POEMMA360: 360∘ azimuth FoV to optimize
for cosmic diffuse neutrino detection
- Meter-sized AEFF Optical Cherenkov telescope
for cosmic neutrino transients: ISS & SmallSat
- GSSI-lead Italian, SmallSat Terzina mission to
use Optical Cherenkov to measure over-thenuTau2021 Workshop
28
limb UHECRs

nSpaceSim Collaboration
John Krizmanic1,2,3, Yosui Akaike4, Luis Anchordoqui5, Douglas
Bergman6, Isaac Buckland6, Austin Cummings7, Johannes Eser8,
Claire Guepin9, Simon Mackovjak10, Angela Olinto8, Thomas Paul5,
Sameer Patel11, Alex Reustle3, Andres Romero-Wolf12, Mary Hall
Reno11, Fred Sarazin13, Tonia Venters3, Lawrence Wiencke13,
Stephanie Wissel14, Eric Mayotte13, Sonja Mayotte13, undergrad Fred
Garcia (UMCP)
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nuPyProp has been released!
nSpaceSim1.0 to be released
this fall, including MERRA-2
cloud cover tool
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Backup
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POEMMA: UHECR Energy Resolution: see PhysRevD.101.023012
Description:
- ESAF UHECR simulations using POEMMA parameterized
optics
- 2.5 µsec GTU timing, ESAF parameters:
-

50 EeV

QE: 0.2695
PMT separation: 27mm
Lateral dead space: 1.6692mm
Time resolution FEE: 10 ns
FOV: 22.5 deg
Optics Radius: 1650mm
FS radius: 830mm
Spot size, defined by POEMMA parameterized optics
Altitude: 525km
Background: 1.54 CTS/μs (rescaled JE value)

Free (mono recon)

Results (Monocular Reconstruction):
-

1e20 eV FIX: -1% +- 22%:
1e20 eV +- 1deg: -1.5% +- 24% → 24%/√2 = 17.0% POEMMA Stereo
Eres
1e20 eV FREE: -2.5% +- 28%
5e19 eV FIX: 4.4% +- 25%
5e19 eV +- 1deg: 3.5% +- 26% → 26%/√2 = 18.4% POEMMA Stereo
Eres
5e19 eV FREE: 11% +- 30%

1-Oct-21
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50 EeV

± 1∘ AngRes
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POEMMA: proton-Air Cross Section Measurements
PHYS. REV. D 101, 023012 (2020)

LUIS A. ANCHORDOQUI et al.

Assuming 1400 UHECRs for ECR ≥ 40 EeV
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FIG. 26. Potential of a measurement of the UHE proton-air cross section with POEMMA. Shown are also current model predictions
and a complete compilation of accelerator data converted to a proton-air cross section using the Glauber formalism. The expected
uncertainties for two composition scenarios (left, p∶N ¼ 1∶9; right, p∶Si ¼ 1∶3) are shown as red markers with error bars. The two
points are slightly displaced in energy for better visibility.

Since the measurement is entirely focused on the
1-Oct-21
exponential slope
of the tail the expected Gaussian detector
resolution on the order of 35 g=cm2 in Xmax and 0.2 in

correspond to the p:N=1∶9 and the right point to
p∶Si ¼ 1∶3 protonnuTau2021
fraction Workshop
scenarios. The analysis
described here is not yet optimized for the actual
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POEMMA: UHECR Background Probability Analysis
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UHECR observed proton background probabilities as a function
HY of energy and observed XSTART based on 5 year observation with
the Auger and TA measured spectra.
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FIG. 11. The five lower histograms show the exiting tau flux
scaled by energy as a function of tau energy for cosmogenic
neutrino flux 1 [18] and for fixed values of the angle of the
trajectory relative to the horizon βtr . The ALLM tau energy loss
model is used, along with the standard model neutrino cross
section. The uppermost histogram shows the incident tau neutrino
flux scaled by a factor of 1=10.

POEMMA Transient Neutrino Detection
Flight Dynamics/Propulsion:
- 300 km ⟹ 25 km SatSep
- Puts both in CherLight Pool
- Dt = 3 hr: 8 – 15 times
- Dt = 24 hr: 90 times

FIG. 10. Upper panel: The ratio of the outgoing tau flux to the
incident neutrino flux, at the same energies, for fixed values of the
angle of the trajectory relative to the horizon βtr for cosmogenic
flux 1 [18]. The ALLM tau energy loss model is used, along with
the standard model neutrino cross section. The solid histograms
include regeneration, while the dashed histograms do not. Lower
panel: As in the upper plot, for flux 4.

~vsat

usat
S ~
↵ ↵c

~nd
Field of view

few times 108 GeV, and for small angles ∼1°–5°, above
E ∼ 109 GeV. This can be seen in a comparison of the
upper and lower panels of Fig. 10.
In Fig. 11, we show EFτ ðEÞ rather than the transmission
function for flux 1 to illustrate the difference in the energy
behavior of exiting τ-leptons compared to incident tau
neutrinos. The figure comes from using the ALLM energy
loss model, again for fixed angles βtr relative to the horizon.
The much larger incident isotropic tau neutrino flux is
scaled by a factor of 1=10.
The energy loss model makes some difference in the
predictions. In Fig. 12, the ALLM model results are shown
with the solid histograms while the dashed histograms are
results using the BDHM model for tau electromagnetic
energy loss, both with standard model (SM) neutrinonucleon cross section. The parameter bnuc
τ ðEÞ evaluated
using BDHM is smaller than for ALLM, so tau energy loss at
high energies is smaller for BDHM than ALLM evaluations.
This effect accounts for the difference at high energies.

We note, however, that we use stochastic energy loss rather
than hdEτ =dXi ¼ −bτ E for the tau energy loss to better
model the exiting tau energy after transport through the
column depth X.
Below Eτ ¼ 108 GeV, there is little difference in the
exiting tau fluxes for a fixed incident neutrino flux because
the main feature is that taus are produced in the final few
kilometers before exiting the Earth. The predicted tau

EUSO-SPB2 Work by M.H
Reno, T. Venters, and JFK
(see ICRC21 presentations)

FIG. 12. The exiting tau flux scaled by energy as a function of
tau energy for flux 1 [18], for fixed values of the angle of the
trajectory relative to the horizon βtr . The ALLM tau energy loss
model is shown with the solid histograms, while the BDHM
energy loss model is shown with the dashed histograms, in both
cases with the neutrino cross section taken to be σ SM . The band
shows the minimum and maximum values of the energy-scaled
flux when the BDHM energy loss and neutrino cross section, as
well as the ALLM energy loss and neutrino cross sections, are
considered.

↵o↵
063010-9

✓e

Figure 14. Left: Illustration of the geometrical configuration in the orbital plane (satellite position,
~sat , versus satellite velocity ~
u
vsat ). The satellite is located at point S. The arrival direction of an EAS
generated by a ⌫⌧ is characterized
by its Earth emergence angle ✓e and the corresponding angle away
∘
from the limb in the point of view of the satellite. The detector has a conical FoV of opening angle
↵c , with an o↵set angle ↵o↵ (away from the Earth limb) and pointing direction n~d . Right: Cherenkov
1-Oct-21
nuTau2021 Workshop
viewing angle
below the limb versus Earth emergence angle ✓e [84].

Avionics on each POEMMA satellite allow for
slewing : 90 in 500 sec
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POEMMA Cosmic Neutrino Flux Sensitivity

Air fluorescence UHE limits not
included in plot

Olinto_2021_J._Cosmol._Astropart._Phys._2021_007
MODELING OF THE TAU AND MUON NEUTRINO-INDUCED …

PHYS. REV. D 103, 043017 (2021)

our curves are largely in agreement with [66]. However, if
we use the fit described in the text above, which models
better the tails of the spatial profile for high altitude shower
development, our calculated geometric aperture is larger
than the geometric aperture computed in [66] at neutrino
energies greater 1018 eV, with nearly an order of magnitude
increase at 1020 eV.
The detector sensitivity to neutrino fluxes is defined as
the minimum flux detectable by the instrument and, as
discussed in [66], it can be computed as:
2.44N ν
ð17Þ
All flavor Sensitivity Limit: Fsens ðEν Þ ¼
lnð10ÞE
hAΩiðE
Þt
ν
ν obs
5 year
20% duty cycle
Nwith
3 is
the number
ofairneutrino
flavors
the
10 PEwhere
threshold
coincidence
to reduce
glow background
‘falseand
positives’
ν ¼time
-

2.44 numerical
events/decade factor
(90% CL) 2.44 is the number of neutrino events
µ channel required to be detected per decade in
17% (above
hit for ignoring
threshold)

Viewing
to 7∘ away
Limb (or
~20∘ Earth Emerg
Angle) larger nuTau2021
energy
to from
reach
a toconfidence
level
than 90%
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ne : n[103,104].
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=
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t
The total observation time tobs is estimated to
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Over-the-Limb VHECR Cherenkov Observations:

3

FIG. 1. Geometry of measuring the Cherenkov signal from
cosmic rays arriving from above the Earth horizon in the case
of a space based instrument.

above thethe
limbOptical
trajectories
can be observed
inside the
Modelling
Cherenkov
Signals
by Cosmic
viewing angle range 84.2 < ✓d < 90 ; while in the case of
POEMMA, being
orbital instrument,
the correspondRay Extensive
AiranShowers
Observed
from Subing viewing angle range shrinks into 67.5 < ✓d < 70 .
Orbital
and Orbital
We further
note here Altitudes
that the viewable range for POEMMA will later decrease, limited by the amount of

Cummings,
Aloisio,
R.;can
Eser,
J. Krizmanic,
J. F.
atmosphereA.
in L.;
which
cosmic rays
interact.
In this
regard, the range given here should be considered the

maximum geometrically allowable range.
PhysRevD.104.063029

The cumulative slant depth as a function of path length

FIG. 2. Cumulative slant depth as a function of altitude and
FIG. 15. Integrated expected event rate (events measured
nadir viewing angle, as measured from 33 km altitude (upabove given energy E) for above-the-limb UHECR events for
per panel) and 525 km altitude (lower panel). Calculations
the EUSO-SPB2 [upper panel] and POEMMA [lower panel]
assume the US standard atmosphere [24].
instruments. Event rate is given per hour of live time (instrument duty cycle not taken into account).

traveled
by a particle
through the atmosphere
can upwardbe
Includes
effects
of geomagnetic
field on
found by integrating the atmospheric density along the
moving
and
high-altitude
particle
trajectory
for a given EAS
detector viewing angle.
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Assuming the standard US atmosphere [24], the slant
depth profiles for the observation altitudes of EUSO-

nuTau2021 Workshop

ment, the viewing angle range, corresponding to a significant amount of atmosphere V.
traversed
(& 500g cm 2 ), is
CONCLUSIONS
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16
ing (below the limb) EAS. These combined e↵ects result
in bright signals which are strongly focused close to the
shower propagation axis.
As these events can be extremely bright, even for large
angles o↵ shower axis, it was necessary to consider also
the time spread of arriving photons at the plane of detection, which can increase up to a few microseconds
when measured far o↵ axis, much greater than the typical
⇠ 20 ns integration time of the Cherenkov telescope designs being investigated. This fact implies a reduction of
the estimated geometric aperture to above-the-limb cosmic ray events, with the larger e↵ect at the highest energies, where the exponential tails of the optical Cherenkov
spatial distribution become relevant.
Additionally, for shower development within a rarified atmosphere (high altitudes), the distance scale corresponding to a radiation length is much longer than that
at low atmospheric altitudes, allowing for more significant geomagnetic deflection of electrons and positrons.
To consider the e↵ects of the geomagnetic field, we took
the approach of applying a large (50 µT) field perpendicular to the shower propagation direction, and measured the flux profile of arriving Cherenkov photons along
the axes perpendicular and parallel to the magnetic field
compared with the profile of una↵ected showers (symmetric about the shower axis). We demonstrated that the
e↵ect of applying a magnetic field to the developing EAS
is to spread the optical Cherenkov photons within the
e↵ective Cherenkov angle away from shower axis along
the axis perpendicular to the magnetic field, thereby reducing the central intensity, but increasing the intensity
within the tails of the distribution. This approach provided an upper and lower bound on the e↵ect of magnetic
deflection, showing that, ultimately, it is a modest, factor of ⇠ 2, e↵ect on the Cherenkov intensity for a specific
EAS energy and trajectory.
Using a Monte Carlo methodology, we showed that the
estimated event rate of (above-the-limb) cosmic rays for
36
the EUSO-SPB2 and POEMMA instruments can be very
high. Specifically, as follows from figures 13 and 15, we

which supported their identification as UHECRs. Ref. [11]
did not provide any detailed modeling of time-domain waveforms for transition radiation that confirm its similarity to
those made by the UHECR emission process. This step appears necessary before this hypothesis can be further evaluated.
arXiv:1803.05088v1

candidate transients that may be associated with this event.
Under the hypothesis that event 15717147 is a t-leptoninitiated air shower, the angular error relative to the parent
neutrino direction is ⇠ 1.5 , arising from both the width of
the emission cone [10], and the instrinsic statistical errors in
our estimate of the arrival direction of the RF signal. To investigate this hypothesis further, we point back along the apparent arrival direction, giving sky coordinates shownqinCONE
Ta- = 1.0 deg
ble I. With these parameters, we search existing catalogs for
w ≈ 1.e-3 sr
associations with two transient source types for which source
confusion is not excessive: gamma-ray burst (GRB) sources,
and supernovae. GRBs have been considered as possible UHE
qEFF ≈ 4.5 deg
neutrino sources for many years, although there are no detecw ≈as 2.e-2 sr
tions to date. Supernovae (SNe) have also been proposed
UHE sources in a variety of scenarios, both in core-collapse
SNe, and more recently even in type Ia SNe, which are bet-lepton
lieved to originate in the ignition of a white dwarf (WD)
progenitor. In the latter case, tidal ignition of a WD by interaction
gct ~ 60 km
with an intermediate-mass black hole has been proposed as a
for 1.2 EeV
potential source of UHECRs [23–25].
For the 1.5 radius error circle derived from the angular
emission pattern for UHECR events, no concurrent GRBs
POEMMA
are observed. A SN candidate is found to be associated:
SN2014dz, a nearby type Ia SN at z = 0.017, is withinsignal
1.19 , size
well within our expected angular uncertainty on the sky. This
relatively bright SN was discovered ⇠ 7 days before~6000
maxi- PEs in
mum, on 2014-12-20.146 [22]. Our event time follows
the
cone
initial discovery by just over five hours. Using catalogued SNe
discoveries during our flight, and a Bayesian estimator [8], we

POEMMA: anomalous ANITA upward EAS
TABLE I: ANITA-I,-III anomalous upward air showers.
event, flight
date, time
Lat., Lon.(1)
Altitude
Ice depth
El., Az.
RA, Dec(2)
(3)
Eshower
1
2
3

3985267, ANITA-I
15717147, ANITA-III
2006-12-28,00:33:20UTC 2014-12-20,08:33:22.5UTC
-82.6559, 17.2842
-81.39856, 129.01626
2.56 km
2.75 km
3.53 km
3.22 km
27.4 ± 0.3 , 159.62 ± 0.7
35.0 ± 0.3 , 61.41 ± 0.7
282.14064, +20.33043
50.78203, +38.65498
0.6 ± 0.4 EeV
0.56+0.3
0.2 EeV

Latitude, Longitude of the estimated ground position of the event.
Sky coordinates projected from event arrival angles at ANITA.
For upward shower initiation at or near ice surface.

alt [km]

elevation [deg] alpha [deg] beta_e [deg]
34 measured -27.4
26.8
Table I gives
and estimated 62.6
parameters for
both of
34
-35
55
34.6
the anomalous CR events, with sky coordinates derived from
the arrival direction of the radio impulses.
In our report of the ANITA-I anomalous CR event, we con∘ ‘spot’
POEMMA
can tiltthattosuch
view
9∘ could
× 30arise
sidered the hypothesis
events
through
decaythese
of emerging
t-leptons
generated
by nt interactions
But
events
may
be bright
enoughbeneath the ice surface. However, the interpretation of these
to
be asseen
in the
UV fluorescence
events
t-lepton
decay-driven
air showers, arising from a
diffuse flux of
cosmic
the difficult challenge that
t , facescoincidence.
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~1nusec
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POEMMA Short Burst: 10 PE versus 20 PE comparison

10 PE threshold with simultaneous viewing of
Cherenkov light pool and time coincidence (60 ns)

1-Oct-21

20 PE threshold with separate viewing of different
Cherenkov light pool and times

nuTau2021 Workshop
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Air Glow Background in Cherenkov Band
314 nm – 900 nm

Use to calculate effective PDE (for
SiPM): <PDE> = 0.1
12,090 photons/m2/sr/ns
314 nm – 1000 nm
~25,000 photons/m2/sr/ns
314 nm – 500 nm

Requirement for < 1e-2
background events per
year leads to high PE
thresholds
10 PE (dual Cher
measurement)
20 PE (single Cher
measurement)

570 photons/m2/sr/ns

Viewing at angles away from
nadir views more optical depth of
air glow layer.
x6 for viewing limb from 500 km
Work by Simon Mackovjak
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POEMMA: Neutrino mode example configuration
UHECRs

UHECRs

9∘
total

7∘ from
limb

Neutrinos

Neutrinos
1-Oct-21

Calcs & plots by F. Sarazin
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