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optical Cherenkov and radio signals

86 strings.2 A background of zero events is assumed for
IceCube, reasonable to within 20% even for long bursts
[69]. For the purposes of rounding out the sample of
experiments capable of detecting cosmic neutrinos through
the widely discussed neutrino detection techniques, we also
include a projected declination-averaged (0° < jδj < 45°)
sensitivity band for GRAND200k, denoted by the red
dashed curves [48]. A follow-on experiment to ANTARES
that is currently being deployed in the Mediterranean Sea is
KM3NeT [70]. Based on the projected effective area for its
ARCA site, we expect similar sensitivities for KM3NeT as
with IceCube, neglecting background; however, improve-
ments in the angular resolution of KM3NeT compared to
IceCube (0.2° vs 1° for tracklike events; [70]) will allow
for improvements in the backgrounds at energies below
∼100 TeV, particularly for observations lasting ∼106 s or
longer.
We also include in Fig. 2 an example of a modeled all-

flavor fluence from a long-duration transient event, the
BNS merger model of Fang and Metzger [22] scaled to a
source distance of 5 Mpc. While IceCube’s best sensitivity
in Fig. 2 dips below the level of POEMMA’s best sensitivity

for energies below ∼108 GeV, sensitivity depends on
location in the sky as well as energy. Even considering
optimal source locations, depending on the neutrino spec-
trum of the source, POEMMA may be able to detect bursts
that IceCube will not.
In the left column of Fig. 3, we provide sky plots of the

all-flavor sensitivity for long bursts, including the location-
dependent factor ft plotted in Fig. 1, as a function of sky
position in galactic celestial coordinates for two fixed
incident tau neutrino energies, 108 and 109 GeV. For
reference, we include several selected nearby sources
and/or relevant sky regions (i.e., the Telescope Array hot
spot [71,72]) in the sky plots of Fig. 3. In Table I, we list the
minimum and maximum all-flavor sensitivities, assuming
equal fluxes for the three neutrino flavors, for Eν ¼ 107,
108, 109, and 1010 GeV.
For the neutrino sensitivity for short bursts, several

aspects of the calculations differ from those for the long
bursts. The timing and location of the burst determine the
extent to which POEMMA will be able to make observa-
tions. As such, we limit our considerations for short
bursts to a best-case scenario in which POEMMA started
observations just as the source moves below the limb of
the Earth, and the Sun and the Moon do not impede
observations. In such a scenario, the sensitivity to short
bursts, being in the optimal location for a given time,
will be better than the sensitivity for long bursts. This
optimal sensitivity is calculated by finding the time-
averaged effective area, now with T0 ¼ 103 s. For short-
burst time scales (Tburst ∼ 103 s), we assume that the
POEMMA satellites will be in the ToO-dual configuration
(Nmin

PE ¼ 20). We vary the satellite positions relative to
sources and the Earth over a period of 380 days in order to
obtain a range of optimal POEMMA sensitivities.
In Fig. 4, we plot the range of POEMMA all-flavor

sensitivities in the described best-case scenario for short
bursts. For comparison, we include histograms for the
IceCube, Auger, and ANTARES sensitivities (scaled to
three flavors) based on a "500 s time window around
the binary neutron star merger GW170817 [66]. We also
include the projected instantaneous sensitivities of
GRAND200k for zenith angles θ ¼ 90° and 94° [48,77]
to indicate the possible range in their sensitivity to short
bursts. For reference, we also plot examples of the modeled
all-flavor fluence for a short neutrino burst during two
phases (extended and prompt) for a short gamma-ray burst
(sGRB), as predicted by Kimura et al. (KMMK) [17] for on-
axis viewing (Θ ¼ 0°). The modeled fluences in Fig. 4 are
scaled to 40 Mpc. In the right column of Fig. 3, we provide
sky plots of the best-case all-flavor sensitivity as a function
of sky position in galactic celestial coordinates forEν ¼ 108

and 109 GeV. In Table II, we list the best-caseminimum and
maximum sensitivities based on sky location.
Figures 2 and 4 show that the time-averaged sensitivity

for long bursts and the best-case sensitivity for short bursts

FIG. 2. The POEMMA all-flavor 90% unified confidence level
sensitivity per decade in energy for long-burst observations in
ToO-stereo mode (NPE > 10) (purple bands), compared with
sensitivities to GW170817 from IceCube, Auger, and ANTARES
(scaled to three flavors) for 14 days after its trigger time (solid
black histograms) [66]. The projected declination-averaged
(0°–45°) sensitivity for GRAND200k is denoted by the red dashed
lines [48]. The blue shaded region shows the range of sensitivities
based on IceCube’s effective area as a function of energy and
zenith angle. Bounds set over an e-fold energy interval [67] are a
factor of 2.3 less restrictive. For comparison, the modeled all-flavor
fluence from a BNS merger to a millisecond magnetar from
Ref. [22] is also plotted, assuming a source distance of
D ¼ 5 Mpc. The effects of the Sun and Moon in reducing the
effective area are incorporated using a factor of ft ¼ 0.3.

2Available at https://icecube.wisc.edu/science/data/PS-3years
[see also, [68] ].
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Space-based Neutrino Detection via EAS Optical Signals

Spiering, C. 2012, The European Physical Journal H, 37, 515

See High-energy Neutrinos from NGC 1068    MM ID#187
Luis Ancordoqui (Lehman), John Krizmanic (UMBC), & Floyd Stecker (GSFC)

Use the Earth and Atmosphere as large neutrino 
target & detector using extensive air showers (EAS) 

- sn ≈ snbar for En ≳ PeV
- y-dependence similar for charge-current (CC) 

and neutral-current (NC) interactions 
- For meter2-scale optical collecting area:

- En ≳ PeV for optical Cherenkov detection
- En ≳ 10 EeV for air fluorescence detection
- Optical signals ~20% duty cycle (dark nights)
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experiments capable of detecting cosmic neutrinos through
the widely discussed neutrino detection techniques, we also
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sensitivity band for GRAND200k, denoted by the red
dashed curves [48]. A follow-on experiment to ANTARES
that is currently being deployed in the Mediterranean Sea is
KM3NeT [70]. Based on the projected effective area for its
ARCA site, we expect similar sensitivities for KM3NeT as
with IceCube, neglecting background; however, improve-
ments in the angular resolution of KM3NeT compared to
IceCube (0.2° vs 1° for tracklike events; [70]) will allow
for improvements in the backgrounds at energies below
∼100 TeV, particularly for observations lasting ∼106 s or
longer.
We also include in Fig. 2 an example of a modeled all-

flavor fluence from a long-duration transient event, the
BNS merger model of Fang and Metzger [22] scaled to a
source distance of 5 Mpc. While IceCube’s best sensitivity
in Fig. 2 dips below the level of POEMMA’s best sensitivity

for energies below ∼108 GeV, sensitivity depends on
location in the sky as well as energy. Even considering
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trum of the source, POEMMA may be able to detect bursts
that IceCube will not.
In the left column of Fig. 3, we provide sky plots of the

all-flavor sensitivity for long bursts, including the location-
dependent factor ft plotted in Fig. 1, as a function of sky
position in galactic celestial coordinates for two fixed
incident tau neutrino energies, 108 and 109 GeV. For
reference, we include several selected nearby sources
and/or relevant sky regions (i.e., the Telescope Array hot
spot [71,72]) in the sky plots of Fig. 3. In Table I, we list the
minimum and maximum all-flavor sensitivities, assuming
equal fluxes for the three neutrino flavors, for Eν ¼ 107,
108, 109, and 1010 GeV.
For the neutrino sensitivity for short bursts, several

aspects of the calculations differ from those for the long
bursts. The timing and location of the burst determine the
extent to which POEMMA will be able to make observa-
tions. As such, we limit our considerations for short
bursts to a best-case scenario in which POEMMA started
observations just as the source moves below the limb of
the Earth, and the Sun and the Moon do not impede
observations. In such a scenario, the sensitivity to short
bursts, being in the optimal location for a given time,
will be better than the sensitivity for long bursts. This
optimal sensitivity is calculated by finding the time-
averaged effective area, now with T0 ¼ 103 s. For short-
burst time scales (Tburst ∼ 103 s), we assume that the
POEMMA satellites will be in the ToO-dual configuration
(Nmin

PE ¼ 20). We vary the satellite positions relative to
sources and the Earth over a period of 380 days in order to
obtain a range of optimal POEMMA sensitivities.
In Fig. 4, we plot the range of POEMMA all-flavor

sensitivities in the described best-case scenario for short
bursts. For comparison, we include histograms for the
IceCube, Auger, and ANTARES sensitivities (scaled to
three flavors) based on a "500 s time window around
the binary neutron star merger GW170817 [66]. We also
include the projected instantaneous sensitivities of
GRAND200k for zenith angles θ ¼ 90° and 94° [48,77]
to indicate the possible range in their sensitivity to short
bursts. For reference, we also plot examples of the modeled
all-flavor fluence for a short neutrino burst during two
phases (extended and prompt) for a short gamma-ray burst
(sGRB), as predicted by Kimura et al. (KMMK) [17] for on-
axis viewing (Θ ¼ 0°). The modeled fluences in Fig. 4 are
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sky plots of the best-case all-flavor sensitivity as a function
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FIG. 2. The POEMMA all-flavor 90% unified confidence level
sensitivity per decade in energy for long-burst observations in
ToO-stereo mode (NPE > 10) (purple bands), compared with
sensitivities to GW170817 from IceCube, Auger, and ANTARES
(scaled to three flavors) for 14 days after its trigger time (solid
black histograms) [66]. The projected declination-averaged
(0°–45°) sensitivity for GRAND200k is denoted by the red dashed
lines [48]. The blue shaded region shows the range of sensitivities
based on IceCube’s effective area as a function of energy and
zenith angle. Bounds set over an e-fold energy interval [67] are a
factor of 2.3 less restrictive. For comparison, the modeled all-flavor
fluence from a BNS merger to a millisecond magnetar from
Ref. [22] is also plotted, assuming a source distance of
D ¼ 5 Mpc. The effects of the Sun and Moon in reducing the
effective area are incorporated using a factor of ft ¼ 0.3.

2Available at https://icecube.wisc.edu/science/data/PS-3years
[see also, [68] ].
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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)

- 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



ICRC 2021
THE ASTROPARTICLE PHYSICS CONFERENCE

Berlin |  Germany

ONLINE ICRC 2021
THE ASTROPARTICLE PHYSICS CONFERENCE

Berlin |  Germany

37th International 
Cosmic Ray Conference

12–23 July 20217/7/21 4

User Input, Geometry, Tau Yield, EAS Generation 
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For the purposes of this study, we have assumed
that the neutrino burst will be closely coincident in
time and space with the event and/or other neu-
tral messengers, such as gamma rays or gravitational
waves. Murase and Shoemaker [153] recently ex-
plored possible time delays and angular signatures in
the neutrino signal resulting from beyond SM inter-
actions between high-energy neutrinos and the cos-
mic neutrino background and/or dark matter par-
ticles. In POEMMA’s energy range (beginning at
⇠ 10 PeV or ⇠ 30 PeV in stereo and dual modes,
respectively) and at the neutrino horizon distances
calculated in this paper, we expect the e↵ects from
these types of interactions to be minuscule; however,
we note that any time delay in the neutrino burst
would be helpful to POEMMA by providing more
time for re-pointing and re-positioning the satellites
for the ToO observation.
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Appendix A: POEMMA detection for �tr < 35�

Many of the details required for the evaluation of
the POEMMA e↵ective area follow from the discus-
sion of the sensitivity to the di↵use flux in Ref. [56].
Figure 10 shows the configuration of POEMMA at
altitude h = 525 km and a ⌧ -lepton emerging at a lo-
cal zenith angle ✓tr. In practice, we consider angles
✓tr close (⇠< ✓

e↵

Ch
⇠ 1.5�) to the local zenith angle

✓v of the line of sight as required for detection of
the showers. The di↵erence in angles ✓tr and ✓v in

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.

Fig. 10 is exaggerated for clarity.

FIG. 11. The exit probability for a ⌫⌧ of a given energy
to emerge as a ⌧ -lepton as a function of elevation angle
�tr.

For ⌧ -lepton air showers, it is common to use the
local elevation angle to describe the trajectory rather
than the local zenith angle. The elevation angles,
labeled with �, are defined by angles relative to the
local tangent plane, e.g., �tr = 90� � ✓tr.

The ⌧ -lepton decay at a distance s is viewable
for decays within a cone of opening angle ✓

e↵

Ch
. The

e↵ective area for the ⌧ -lepton air shower that begins
s from the point of emergence on the Earth is shown
by the dashed disk on the figure. The area of the
disk is expressed in Eq. (1).

For the ToO neutrino sources, the slewing capabil-
ities of POEMMA allow for a larger range of viewing

Pythia 8: t → p p0 nt
Blue: left-hand polarized
Red: unpolarized

see nuPyProp : NU ID#482
Sameer Patel & Hallsie Reno (Iowa)

see n Transient Detection : MM ID#1337
Toni Venters (GSFC)

ντ  Acceptance [km
2]
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Sky map of the sensitivity to transient neutrino fluxes
for the EUSO-SPB2 ULDB instrument assuming
observations in astronomical night near new moon.
implementation in progress.
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Optical Cherenkov Light Generation & Detection

&+$60��&+HUHQNRY�$LU�6KRZHU�0RGHO���6LPXODWLQJ�WKH�&KHUHQNRY�3URILOHV�RI�&RVPLF�5D\�$LU�6KRZHUV
%\��,VDDF�%XFNODQG��3K'�&DQGLGDWH��8QLYHUVLW\�RI�8WDK���'U��'RXJODV�%HUJPDQ��$VVRFLDWH�3URIHVVRU��8QLYHUVLW\�RI�8WDK�

,QWURGXFWLRQ

Ɣ 7KLV�SRVWHU�VKRZV�KRZ�VKRZHU�XQLYHUVDOLW\�FDQ�EH�XVHG�WR�VLPXODWH�WKH�
&KHUHQNRY�OLJKW�SURILOH�RI�FRVPLF�UD\�DLU�VKRZHUV��

Ɣ 7KH�&+$60�S\WKRQ�PRGXOH�ZDV�GHYHORSHG�IRU�DOO�VKRZHU�JHRPHWULHV�DQG�
SURILOHV��DQG�LV�LQWHQGHG�WR�EH�D�FRPSXWDWLRQDOO\�HIILFLHQW�DOWHUQDWLYH�WR�
0RQWH�&DUOR�DLU�VKRZHU�VLPXODWLRQ�SDFNDJHV�OLNH�&256,.$�

Ɣ &+$60�LV�VWLOO�LQ�GHYHORSPHQW��7KLV�SRVWHU�LV�PHDQW�WR�VKRZFDVH�LWV�FXUUHQW�
SURJUHVV�DQG�IXQFWLRQDOLW\�

Ɣ 7KLV�SRVWHU�LQFOXGHV�VLPXODWLRQV�RI�&KHUHQNRY�GLVWULEXWLRQV�IURP�YDULRXV�
VKRZHU�W\SHV��DV�ZHOO�DV�FRPSDULVRQV�WR�&256,.$¶V�,$&7��,PDJLQJ�
$WPRVSKHULF�&KHUHQNRY�7HOHVFRSH��H[WHQVLRQ�

:KDW�LV�6KRZHU�8QLYHUVDOLW\"

Ɣ 6KRZHU�XQLYHUVDOLW\�LV�WKH�SULQFLSOH�WKDW�SURSHUWLHV�RI�VHFRQGDU\�SDUWLFOHV�LQ�
DQ�DLU�VKRZHU�VXFK�DV�SURSDJDWLRQ�GLUHFWLRQ��HQHUJ\��DQG�ODWHUDO�VSUHDG�FDQ�
EH�UHSUHVHQWHG�E\�XQLYHUVDO�SDUDPHWHUL]HG�GLVWULEXWLRQV�>����@��

Ɣ 7KHVH�SDUDPHWHUL]DWLRQV�YDU\�DV�D�VKRZHU�GHYHORSV�DQG�WDNH�LQWR�DFFRXQW�
VHFRQGDU\�SDUWLFOH�SURSHUWLHV�VXFK�DV�HQHUJ\��L�H��WKH�GLUHFWLRQDO�GLVWULEXWLRQ�
RI�SDUWLFOHV�LQ�D�JLYHQ�HQHUJ\�LQWHUYDO�ZLOO�EH�QDUURZHU�IRU�KLJKHU�HQHUJLHV���

Ɣ &KDUJHG�SDUWLFOHV�LQ�D�VKRZHU�ZLOO�SURGXFH�&KHUHQNRY�OLJKW�LQ�D�FRQH�
GHWHUPLQHG�E\�SDUWLFOH�HQHUJ\�DQG�WKH�DWPRVSKHULF�LQGH[�RI�UHIUDFWLRQ�LQ�
ZKLFK�WKH\�SURSDJDWH��

Ɣ 3XEOLVKHG�ILWV�WR�VHFRQGDU\�SDUWLFOH�GLVWULEXWLRQV�ZHUH�XVHG�WR�FUHDWH�D�WDEOH�
RI�&KHUHQNRY�DQJXODU�GLVWULEXWLRQV�DW�YDULRXV�DWPRVSKHULF�LQGLFHV�RI�
UHIUDFWLRQ�DQG�VWDJHV�RI�VKRZHU�GHYHORSPHQW��

Ɣ &+$60�JHQHUDWHV�D�VKRZHU�SURILOH�LQ�WKH�(DUWK¶V�DWPRVSKHUH��WKHQ�
DFFHVVHV�WKH�&KHUHQNRY�WDEOH�WR�FDOFXODWH�WKH�SKRWRQ�\LHOG�DW�XVHU�GHILQHG�
ORFDWLRQV�

1,&+(��1RQ�,PDJLQJ�&+(UHQNRY��DQG�7$/(��7HOHVFRSH�$UUD\�
/RZ�(QHUJ\��

$Q�HIILFLHQW�&KHUHQNRY�VLJQDO�VLPXODWLRQ�ZLOO�HQDEOH�D�K\EULG�DQDO\VLV�RI�WKH�
ORZ�HQHUJ\�FRVPLF�UD\�VSHFWUXP�XVLQJ�GDWD�IURP�ERWK�WKH�7$/(�IOXRUHVFHQFH�
GHWHFWRU�DQG�WKH�1,&+(�GHWHFWRUV�QHDU�WKH�0LGGOH�'UXP�WHOHVFRSH�VLWH��

8QLYHUVDOLW\�YV��&256,.$

Ɣ 7R�GHPRQVWUDWH�WKH�YHUDFLW\�RI�WKH�&KHUHQNRY�XQLYHUVDOLW\�PRGHO��ZH�
JHQHUDWHG�D�&KHUHQNRY�OLJKW�SURILOH�XVLQJ�XQLYHUVDOLW\��DQG�FRPSDUHG�
LW�WR�D�SURILOH�JHQHUDWHG�E\�&256,.$¶V�,$&7�H[WHQVLRQ�

Ɣ 7KLV�GRZQZDUG�SURWRQ�VKRZHU�KDV�D�SULPDU\�HQHUJ\�RI�����*H9��;PD[�
DW�����J�FP���1PD[�RI�a���PLOOLRQ�SDUWLFOHV��DQG�D�SRODU�DQJOH�RI����
GHJUHHV��

Ɣ ;PD[�DQG�1PD[�UHIHU�WR�WKH�DWPRVSKHULF�GHSWK�DW�VKRZHU�PD[LPXP�DQG�
WKH�PD[LPXP�QXPEHU�RI�VHFRQGDU\�VKRZHU�SDUWLFOHV��UHVSHFWLYHO\�

Ɣ ,$&7�FRXQWHUV�ZHUH�GHILQHG�DW�WKH�DOWLWXGH�RI�WKH�ORZHVW�7HOHVFRSH�
$UUD\�1,&+(�FRXQWHU�������P�DERYH�VHD�OHYHO���

͟7KH�WRWDO�QXPEHU�RI�SKRWRQV�FROOHFWHG�DW�LQFUHDVLQJ�GLVWDQFHV�IURP�WKH�
VKRZHU�FRUH�DUH�VKRZQ�LQ�)LJXUH����DQG�WKH�DUULYDO�WLPH�GLVWULEXWLRQV�DUH�
FRPSDUHG�IRU�D�FRXQWHU����P�IURP�WKH�VKRZHU�FRUH�LQ�)LJXUH���

+\SRWKHWLFDO�7DX�3ULPDU\�8SZDUG�$LU�6KRZHU

Ɣ 7KH�ILUVW�LWHUDWLRQ�RI�WKLV�SDFNDJH�LV�EHLQJ�WHVWHG�IRU�
LPSOHPHQWDWLRQ�LQ�QX6SDFH6LP��D�FRPSUHKHQVLYH�QHXWULQR�
VLPXODWLRQ�SDFNDJH�IRU�VSDFH�EDVHG�	�VXERUELWDO�
H[SHULPHQWV�>�@��

%HORZ��LV�D�SORW�RI�WKH�&KHUHQNRY�VLJQDO�DW�WKH�FRXQWHU�SODQH��(DFK�SL[HO�
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$WPRVSKHULF�&XUYDWXUH�DQG�3KRWRQ�7LPLQJ

Ɣ $V�SKRWRQV�SURSDJDWH�LQ�WKH�DWPRVSKHUH�WR�WKH�FRXQWLQJ�ORFDWLRQ��
WKH\�DUH�GHOD\HG�FRPSDUHG�WR�WKH�VSHHG�RI�OLJKW�LQ�D�YDFXXP��

Ɣ )RU�GRZQZDUG�VKRZHUV��LW�LV�VXIILFLHQW�WR�GLYLGH�WKH�GHOD\�D�YHUWLFDOO\�
WUDYHOLQJ�SKRWRQ�ZRXOG�H[SHULHQFH�E\�WKH�FRVLQH�RI�LWV�SRODU�DQJOH��

Ɣ ,Q�WKH�FRQWH[W�RI�RUELWDO�REVHUYDWLRQV��QX6SDFH6LP���SKRWRQV�
SURSDJDWH�IRU�WKRXVDQGV�RI�NLORPHWHUV�LQ�WKH�XSSHU�DWPRVSKHUH�
EHIRUH�WKH\�HQWHU�WKH�YDFXXP�RI�VSDFH��

Ɣ $V�WKH�SKRWRQV�JHW�KLJKHU��WKHLU�DQJOH�RI�SURSDJDWLRQ�ZLWK�UHVSHFW�WR�
WKH�DWPRVSKHUH�EHFRPHV�VWHHSHU�FRPSDUHG�WR�WKHLU�SRODU�DQJOH�ZLWK�
UHVSHFW�WR�WKH�RULJLQDO�]�D[LV��

7KLV�GLIIHUHQFH�ZDV�FDOFXODWHG�DV�D�IXQFWLRQ�RI�DWPRVSKHULF�KHLJKW�YLD�WKH�
ODZ�RI�FRVLQHV�RQ�WKH�LQVFULEHG�WULDQJOH�LQ�)LJXUH���EHORZ��

)RU�WKH�XSZDUG�VKRZHU�VKRZQ�LQ�)LJXUHV���DQG����WKHUH�LV�DERXW�D�VHYHQ�
QDQRVHFRQG�GHOD\�LI�WKH�FXUYDWXUH�RI�WKH�DWPRVSKHUH�LV�QHJOHFWHG��)LJXUH���
VKRZV�WKH�ERWK�WKH�RULJLQDO�DQG�FRUUHFWHG�DUULYDO�WLPH�GLVWULEXWLRQ�DW�RQH�RI�
WKH�FRXQWHUV�LQ�WKH�ULQJ�SHDN�

)LJXUH����&RPSDULVRQ�RI�&KHUHQNRY�ODWHUDO�GLVWULEXWLRQ�IURP�ERWK�
&256,.$�DQG�XQLYHUVDOLW\�

)LJXUH����&RPSDULVRQ�RI�DUULYDO�WLPH�GLVWULEXWLRQ�IURP�ERWK�&256,.$�
DQG�XQLYHUVDOLW\�

)LJXUH͟����'LDJUDP�RI�DQ�XSZDUG�DLU�VKRZHU�D[LV�VKRZLQJ�WKH�RULHQWDWLRQ�
RI�DQ�RUELWDO�FRXQWHU�DUUD\�

)LJXUH����&KHUHQNRY�OLJKW�VLJQDO�DW�DQ�RUELWDO�FRXQWHU�DUUD\�QRUPDO�WR�WKH�
VKRZHU�D[LV�DW�DQ�DOWLWXGH�RI�����NP�

)LJXUH����'LDJUDP�RI�WKH�JHRPHWU\�XVHG�WR�DFFRXQW�IRU�WKH�FXUYDWXUH�RI�
WKH�DWPRVSKHUH�LQ�XSZDUG�VKRZHU�WLPLQJ�FDOFXODWLRQV�

)LJXUH����&RPSDULVRQ�RI�DUULYDO�WLPH�GLVWULEXWLRQ�ZKHQ�DWPRVSKHULF�
FXUYDWXUH�LV�QHJOHFWHG�DQG�DFFRXQWHG�IRU�

7KH�DUUD\�RI�1,&+(�
FRXQWHUV

2QH�RI�WKH�FRXQWHUV�ZLWK�0LGGOH�
'UXP�LQ�WKH�%DFNJURXQG

5HIHUHQFHV�
>�@�6��/DIHEUH��HW�DO���$VWURSDUW��3K\V����������������
>�@�0��*LOOHU��HW�DO���-��3K\V��*��������������
>�@�-��.UL]PDQLF��HW�DO���3R6�,&5&���������

$FNQRZOHGJHPHQWV�
7KDQN�\RX�3URIHVVRU�%HUJPDQ�IRU�WDNLQJ�D�FKDQFH�RQ�PH��6LQFHUH�WKDQNV�WR�ERWK�
7HOHVFRSH�$UUD\�DQG�QX6SDFH6LP�IRU�IXQGLQJ�WKLV�SURMHFW�

͟͟
͟

Ɣ 7DX�QHXWULQRV�VNLPPLQJ�WKH�(DUWK�PD\�LQWHUDFW�YLD�WKH�
FKDUJHG�FXUUHQW�LQWHUDFWLRQ�LQ�WKH�(DUWK¶V�FUXVW��7KH�UHVXOWLQJ�WDX�
SDUWLFOH�OHDYHV�WKH�(DUWK�DQG�GHFD\V��VHUYLQJ�DV�WKH�SULPDU\�SDUWLFOH�
LQ�DQ�XSZDUG�JRLQJ�DLU�VKRZHU��

Ɣ ͟͟͟͟͟͟)RU�WKLV�GHPR��DQ�XSZDUG�VKRZHU�SURILOH�ZDV�
JHQHUDWHG�XVLQJ�WKH�*DLVVHU�+LOODV�IXQFWLRQ�ZLWK�DQ�;PD[�RI�����
J�FP���DQ�1PD[�RI����PLOOLRQ�SDUWLFOHV��DQG�D�ILUVW�LQWHUDFWLRQ�KHLJKW�RI�
���.P��

Ɣ 7KH�UHVXOWLQJ�&KHUHQNRY�OLJKW�ZDV�FDOFXODWHG�DW�DQ�DUUD\�RI�ORFDWLRQV�
QRUPDO�WR�WKH�VKRZHU�D[LV�DW�DQ�DOWLWXGH�RI�����NP��

7KH�GLDJUDP�EHORZ��VKRZV�WKH�VKRZHU�RULHQWDWLRQ��DV�ZHOO�DV�WKH�[�DQG�]�
D[HV�RI�WKH�FRRUGLQDWH�V\VWHP�XVHG�E\�&+$60��7KH�RULJLQ�LV�ZKHUH�WKH�
VKRZHU�D[LV�LQWHUVHFWV�ZLWK�WKH�(DUWK¶V�VXUIDFH��6WDQGDUG�SK\VLFV�
VSKHULFDO�FRRUGLQDWH�FRQYHQWLRQV�DSSO\�IRU�WKH�VKRZHU�SRODU�DQJOH�

New Optical Cherenkov Calculation based 
on Shower Universality: 
Isaac Buckland & Doug Bergman (Utah)
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Cloud Distribution Generation based on MERRA-2 Database 

  Johannes Eser (jeser@uchicago.edu)      nuSpaceSim call          18/03/2021   
     

                    2/12

 September 2016-2019 (maybe o+)Sampled from MERRA-2 for specific time frame

Update on cloud coverage, September 2019
Fred Sarazin (fsarazin@mines.edu)
Physics Department, Colorado School of Mines

CTP histogram – random check

Data 106 realizations
(renormalized to data)

Residual

No cloud

Sampled from MERRA-2 for specific pixel (lat. Long: 0.5∘× 0.625∘)

Cloud top 
pressure 
shown:
aerosol and 
ozone depth 
also available.Alex Reustle (GSFC), Fred Sarazin (CSM) 

& Johannes Eser (Chicago)

HEASARC Page (under development)
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Radio Generation

Geometric Selection

Observatory Altitude

Earth Surface Region 
of interest

Detector Response 
Detection Threshold

Interaction Models

Neutrino Energy

User Input

Particle Trajectory 
Samplng

Geometric 
Acceptance (AW)G

Geometry

t-lepton Energy

t-lepton Exit 
Probability

Tau Propagation

Celestial  Definition

Decay Products

t-lepton Decay 
Altitude

Tau Decays

Master Loop

Sampled Libraries

ZHAireS EAS and 
Radio Signal Gen

Signal at FEE

Radio Signal
Sampled Libraries

CONEX/Cosmos EAS

EAS Gen
Sampled Libraries

Rayleigh

Aerosol

Atm Scattering

Clouds

Ozone

Ionosphere 
Dispersion

EAS Universality

Optical Signal

Cherenkov & 
Flourescence Gen

Efficiency

Timing

Signal at Detector

Radio or Optical

Sampled Libraries

Run Results

Event Physics 
variables

Acceptance (AW)

Earth Density Model

Altitude dependence

Based on ZHAireS simulations of upward-moving EAS

See Upward EAS Radio Generation: NU ID#205
Andres Romero-Wolf (JPL)
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Beta Version: Optical Cherenkov Results for POEMMA-like 
Configuration

<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">

<MaximumCherenkovAngle
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>
</NuTauEnergySpecType>
<AzimuthalAngle Unit="Degrees">360.0</AzimuthalAngle>
<NumTrajs>1000000</NumTrajs>

</SimulationParameters>
</NuSpaceSimParams>

Black: nSpaceSIm1.0
Red: based on PhysRevD.100.063010

Vectorized Python wrapped higher-level language 
code with inherent multi-processing: takes ~ 5 hours 
to do this energy scan on my Mac
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HEASARC Front Page (under development)

HEASARC Front Page (under development)
- nSpaceSim is designed to be a comprehensive, end-to-

end simulation package for the development of space-
and sub-orbital based experiments to detect the optical 
and radio EAS signals and interpret data:

- Provides a quantification of modeling systematics 
by choice of different libraries by user

- Development is in parallel with POEMMA, beyond 
POEMMA, EUSO-SPB2 modeling efforts.

- Initial public release by ICRC2021:
- nuPyProp: t-lepton Pexit and Energy Distributions
- nSpaceSim1.0
- Cloud & Aerosol Distribution Generation Tool 

using MERRA-2 Database
- Related ICRC2021 Papers:

- Sameer Patel: NU ID#482
- Mary Hall Reno: NU ID#248
- Toni Venters: MM ID#1337
- Andres Romero-Wolf: NU ID#205
- Austin Cummings: CRI ID#1002
- Luis Anchordoqui: MM ID#187
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vSpaceSim Collaboration

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

1 Center for Space Sciences and Technology, University of Maryland, Baltimore County, Baltimore, Maryland 21250 USA
2 Center for Research and Exploration in Space Science & Technology 
3 NASA/Goddard Space Flight Center, Greenbelt, Maryland 20771 USA
4 Waseda Institute for Science and Engineering, Waseda University, Shinjuku, Tokyo, Japan
5 Department of Physics and Astronomy, Lehman College, City University of New York, New York, New York, 10468 USA
6 Department of Physics and Astronomy, University of Utah, Salt Lake City, Utah 84112 USA
7 Department of Physics, Gran Sasso Science Institute, L’Aquila, Italy
8 Department of Astronomy and Astrophysics University of Chicago, Chicago, Illinois 60637 USA
9 Department of Astronomy, University of Maryland, College Park, College Park, Maryland 20742 USA
10 Institute of Experimental Physics, Slovak Academy of Sciences, Kosice, Slovakia
11 Department of Physics and Astronomy, University of Iowa, Iowa City, Iowa 52242 USA
12 Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California 91109, USA
13 Department of Physics, Colorado School of Mines, Golden, Colorado 80401 USA
14 Department of Physics, Pennsylvania State University, State College, Pennsylvania 16801 USA

nSpaceSim NASA Summer Interns:

Julia Codera: 2020
- Project involved EAS 

modeling and 
interfacing to 
Cherenkov light 
Universality libraries

- Now 1st year 
graduate student at 
Stony  Brook & 
working on DUNE!

Fred Garcia: 2021
- Project involves 

forming composite 
EAS from t-lepton 
decay products 
interfacing to 
Cherenkov light 
Universality libraries

nSpaceSim is funded by grants 80NSSC19K0626 (UMBC), 17-
APRA17-0066 (GSFC & JPL), 80NSSC19K0460 (Colorado School 
of Mines), 80NSSC19K0484 (University of Iowa), 
80NSSC19K0485 (University of Utah)  
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EUSO-SPB2 ULBD Flight in Spring 2023

6-Jul-21 29th JEM-EUSO International Collab Meeting - vCSM 11
7/7/21 XIX Workshop Neutrino Telescopes 11

Reflected UHECR 
Cherenkov

Aniton
Cherenkov 

Diffuse and ToO
nt Cherenkov 

Detailed CT response

Above-the-limb: UHECR 
E&M and muon EAS 
Cherenkov 

Star Signals

11


