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The highest energies !

ü Hidden sources of CR “Berezinsky
sources” (super-massive BH in a 
cocoon, NGC1068). 

ü Cosmogenic neutrinos and sources 
of UHECR 

ü New Physics BSM and Super Heavy 
Dark Matter

Neutrinos at energies larger then 1 PeV
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Figure 2. UHECR flux: proton (dotted green), He (dotted magenta), CNO (dotted blue), MgAlSi
(dotted cyan), Fe (dotted black) from astrophysical sources [53] and proton (green solid), photon (blue
solid) and neutrino (red solid) from the decay of SHDM with a Moore density profile. The total flux
is represented by the black thick solid line. Experimental data are the latest observations of Auger
[28] and TA [31]. All plots are obtained assuming r = 0.05, taking the four di↵erent choices of the
inflaton potential: � = 2 upper left panel, � = 4/3 upper right panel, � = 1 lower left panel and
� = 2/3 lower right panel. The corresponding values of the SHDM parameters (MX , ⌧X) are labelled
in the di↵erent panels.

Sibyll 2.1 [67], QGSJet 01 [68] and QGSJet 02 [69], in order to derive for each given nuclear
primary a simple prescription for hXmaxi and �(Xmax). To account also for the contribution
of UHE photons to Xmax and �(Xmax) we have used CONEX simulations of �-induced
showers, taking into account the Landau Pomeranchuk Migdal (LPM) and the Geomagnetic
field e↵ects on the showers development [70].

The observations of Auger point toward a mixed composition of UHECR with a preva-
lent light composition at low energies E < 5⇥1018 eV and a progressively heavier composition
at the highest energies [28, 29, 30]. The highest energy bin with an observed chemical compo-
sition is placed at E ' 5⇥ 1019 eV, at highest energies there are no available measurements
of composition [28, 29, 30]. As discussed above, the decay of SHDM gives a substantial
contribution to the composition of UHECR only at energies larger than 5⇥ 1019 eV, where
the fraction of photons and neutrinos rises over a few %, therefore in an energy band not
scrutinized by Auger and TA because of the extremely low statistics of the collected events.

In figure 3 we plot hXmaxi and �(Xmax) corresponding to the fluxes of the upper left
panel of figure 2, obtained with a tensor to scalar ratio r = 0.05 and an inflaton potential
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Cermenati, RA, Blasi, Evoli (2024) RA, Boncioli, di Matteo, Grillo, Petrera, Salamida (2015) RA, Matarrese, Olinto (2015)
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Grand Unified Neutrino Spectrum (GUNS) at Earth integrated over directions and flavors

NEUTRINOs from the Universe

4

Cosmic neutrinos

not observed observed not observed

The High Energy ! “Flux Challenge”
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Figure 3: Cosmic rays intensity at Earth; left panel: di↵erent positioning of L⇤; the low and high luminosity index
are �1 = 0.5, and �2 = 2.5. Right panel: di↵erent low luminosity behavior; the positioning of the break is fixed at
L⇤ = 1045 erg/s. The all particle spectrum and proton fraction measured by PAO [29] are shown with black squares
and circles respectively. As a comparison, the same result is shown for an injection Qsrc(E) / E

�2 (black dashed)
with cosmological emissivity L ⇡ 8⇥ 1043 erg Mpc�3 yr�1.

C. Di↵use neutrino contribution

(a) (b)

Figure 4: Total di↵use neutrino flux at Earth (solid), coming from confined protons (dashed lines) and di↵used ones
(dotted lines); left panel: di↵erent positioning of L⇤; the low and high luminosity indexes are �1 = 0.5 and �2 = 2.5.
Right panel: di↵erent low luminosity behavior; the positioning of the break is fixed at L⇤ = 1045 erg/s. Measurements
and upper limits obtained by the Ice Cube Observatory [30] are shown as a comparison.

• To compare our results with the IceCube measurements, we plot only the flux of muon neutrinos (⌫µ + ⌫̄µ),
which we expect to be ⇡ 1/3 of the total due to the neutrino mixing.

Vitigliano, Tamborra, Raffelt (2020)
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Figure 2.13: Diagram representing the Earth-skimming neutrino detection
technique.

flux outlined in section 2.2. The high-altitude optical Cherenkov and radio ob-

servation techniques, on the other hand, represent complimentary methods for

detection of the astrophysical neutrino flux via the Earth-skimming approach.

Both signals are beamed in a narrow cone about the shower propagation axis,

which projected to either altitudes typical of balloon experiments (30 km) or of

space based instruments (500 km) results in footprints O(1 km) and O(10 km),

respectively.

In addition to monitoring the coherent radio emission produced by UHECR in-

duced EAS and searching for signatures corresponding to Askaryan radiation

from neutrino induced showers in ice, the ANITA experiment also searches for sig-

natures corresponding to the upward going EAS sourced by the Earth-skimming

neutrinos [132]. Over four long duration balloon flights, ANITA has demon-

strated the viability of the radio detection technique on downward (reflected) and

horizontal (direct) EAS produced by UHECR [132, 133]. However, the unique

topology of a neutrino-induced upward going EAS, and a search for these signals

by ANITA, has led to upper limits on the astrophysical neutrino flux at energies
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ü At Low Earth Orbit (LEO, ~ 500 km) a 
generic FoV of 15°×7° corresponds to an 
on ground scanned area of 105 km2.

ü Belove the limb observations for neutrino 
detection.

ü Above the limb observations for CR and 
gamma ray detection.

ü High angular resolution (< 0.1 deg).

ü Increasing the azimuth field of view up to 
360° improved sensitivity to the diffuse 
neutrino emission and to detect transient 
neutrino sources.

ü Fast re-pointing of specific sources for 
follow-up of GW events and ), + events.
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Figure 2.13: Diagram representing the Earth-skimming neutrino detection
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FIG. 2. [Upper panel] Energy distribution of emergent ⌧ -
leptons from ⌫⌧ (blue histograms) and muons from ⌫µ (orange
histograms) produced by a mono-energetic flux of 108 neutri-
nos with energy 1015 eV and an Earth emergence angle of 1�.
[Lower panel] The same as in upper panel with a flux of 106

neutrinos with 1017 eV energy. Note the small number of tau
leptons in the 1 PeV distribution.

equal emergence probabilities, where the dominant scale
becomes the neutrino interaction length. For high en-
ergies and large emergence angles, we might expect the
same behaviour, but we must account for neutrino re-
generation ⌫` ! ` ! ⌫`. This occurs when the energy
of a ⌫` from a lepton decay is high enough to enable a
re-interaction deeper in the Earth. For ⌧ -leptons this is
a significant e↵ect, because a high-energy ⌧ -lepton has a
strong chance of decaying. However, the e↵ect is negligi-
ble for muons, as the energy losses are so significant and
the decay time so long, that a ⌫µ from a muon decay has
low energy and a negligible chance of re-interaction.

For the same reasoning, we expect to see the en-
ergy distribution of emerging muons to be more strongly
spread than ⌧ -leptons , given an identical input of neu-
trino fluxes. In figure 2 we plot the energy distributions
of emerging ⌧ -lepton and muon leptons, with Earth emer-

gence angle of 1�, to demonstrate both this behaviour and
the e↵ect of di↵ering emergence probability. In the upper
panel of figure 2 we simulate 108 neutrinos with 1 PeV
energy, and in the lower panel we simulate 106 neutrinos
with 100 PeV energy. The energy distribution of emerg-
ing muons is fairly uniformly spread from the primary
neutrino energy down to 1012 eV, where muons begin to
rapidly lose energy and decay, regardless of the primary
⌫µ energy or emergence angle. From the lower panel of
figure 2, it follows that, due to the amplified emergence
probability, there may still be a comparable number of
high energy muons emerging from the Earth compared
to tau leptons, even accounting for the increased energy
losses. As a subdominant process, we also expect a muon
flux from ⌧ -lepton decays inside the Earth. However, we
ignore this e↵ect in the results presented in the present
paper.

III. UPWARD EXTENSIVE AIR SHOWER
MODELING

A. ⌧-lepton Contribution

⌧ -leptons have low ionization and radiative energy
losses and a short lifetime compared to muons, thus
⌧ -lepton EASs occur virtually completely via ⌧ -lepton
decay, rather than interaction in the atmosphere. ⌧ -
leptons are the only leptons massive enough to decay into
hadrons via the weak interaction, which gives rise to a
rich decay phenomenology with many channels [77]. We
do not need to list here all the decay channels, but we
may classify them into three distinct branches and list
their respective probabilities:

• ⌧⌥ ! hadrons + ⌫⌧ (⌫̄⌧ ) ⇡ 64.79%

• ⌧⌥ ! e⌥ + ⌫̄e(⌫e) + ⌫⌧ (⌫̄⌧ ) ⇡ 17.82%

• ⌧⌥ ! µ⌥ + ⌫̄µ(⌫µ) + ⌫⌧ (⌫̄⌧ ) ⇡ 17.39%

Additionally, a large fraction of the primary ⌧ -lepton
energy is distributed to the decay products. Therefore,
the high energy decay products may produce conven-
tional EASs after propagation through the Earth. The
fractional energy distribution of a relativistic ⌧ -lepton de-
cay is shown in figure 3. All sampling is done on ⌧ -leptons
with negative polarization, to account for the production
by the parent neutrino. This distribution can also be
used to sample the decay products from a positively po-
larized anti-⌧ -lepton , coming from parent anti-neutrinos
because anti particles of the opposite polarization have
the same decay spectrum. The average fractional energy
carried by hadrons is 58% of the primary ⌧ -lepton energy
while 42% is the average fractional energy that goes into
leptons (muons and electrons) via the 3-body decays. At
EeV-scale and above energies, the tau can decay deep in
the atmosphere, with the average decay length given by
4.9km(E⌧/1017eV).
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Neutrino interactions in the Earth

ü Tau decay

ü Muon bremsstrahlung

EAS

EAS
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ü At energies around 1 PeV the Earth 
becomes opaque to neutrinos



EAS-Cher-sim https://pypi.org/project/easchersim/1.1/

The EAS Cherenkov signal
ü Looking at the atmosphere limb (just below) for 

neutrinos detection and (just above) for CR, γ
detection a tiny layer of the atmosphere shines in 
Cherenkov.

ü Both orbital and high altitudes are suitable to detect 
the EAS Cherenkov emission. 

ü At orbits of ~ 500 km most contributing layers of the 
atmosphere around altitudes 20 – 40 km.
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Probe Of Extreme Multi Messenger Astrophysics – POEMMA

ü Fluorescence camera to detect of ultra-high energy 
cosmic rays through EAS fluorescence emission 
(E>10 EeV).

ü Cherenkov camera to detect Earth skimming neutrino 
events, and above the limb CR events (E>10 PeV)

POEMMA Coll.  (2021)

POEMMA Coll.  (2021)

Background

Figure 2.15: [Left panel] POEMMA-Stereo observation mode, optimized for the detection
and reconstruction of UHECR [right panel] POEMMA-Limb mobservation mode optimized
for detection of Earth-skimming neutrinos and transient follow-up measurements. Taken

from [147].

the fluorescence and Cherenkov detection channels.

EUSO-SPB2 [143, 147] is a pathfinder mission which employs the technologies

utilized for POEMMA in a balloon-based environment and is guided by the tech-

nologies and experiences developed during the previous EUSO missions (JEM-

EUSO [149], EUSO-Balloon [150, 151, 152, 153], EUSO-SPB1 [154, 155, 156],

EUSO-TA [157, 158], and Mini-EUSO [159, 160, 161]). The fluorescence camera

and Cherenkov camera for EUSO-SPB2 are split into separate telescopes, rather

than being contained in one focal surface like POEMMA. The FOV of the EUSO-

SPB2 fluorescence camera is 11� ⇥ 35�, while that of the Cherenkov camera is

4� ⇥ 12.8�. The instantaneous field of view for a single pixel of the EUSO-SPB2

Cherenkov camera is 0.28�⇥0.28�. Like POEMMA, EUSO-SPB2 will be capable

of zenith and azimuth rotation to encompass di↵erent observation modes, but

the rotation range and speed are still under discussion. EUSO-SPB2 will fly at

an altitude of 33 km for an expected 100 day duration, and is planned to launch

from Wanaka, NZ in 2023.

46

Diffuse flux

Transient sources

of both the aerosol layer and atmosphere itself leads to higher Cherenkov intensities and
spectra peaked at lower wavelengths. At even higher altitudes the atmosphere becomes too
thin for complete EAS development, leading to a reduction in the Cherenkov intensity for
EAS developing at altitudes above ⇠ 17 km.

Figure 19. Left: POEMMA ToO sensitivity to a short, 1000 s burst shown by the magenta band,
where the dark magenta band corresponds to source locations between the dashed curves in the sky
coverage shown in 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
[155]. The blue bands show the variation of IceCube sensitivity due to celestial source location derived
from Ref. 156 and the red dashed curves represent the projected sensitivity of GRAND200k at zenith
angles 90� and 94� [36], and models taken from Kimura et al. [104] 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 = 50 Mpc. Figure from Ref. 7. Right: Sky plot of the
expected number of neutrino events with POEMMA as a function of galactic coordinates for the
Kimura et al. [104] short gamma-ray burst with moderate EE model, placing the source at 50 Mpc.
Point sources are galaxies from the 2MRS catalog [157].

As in the air fluorescence case, the brightness of the beamed Cherenkov signal compared
to the airglow background sets the energy threshold for observation. The peak of the
Cherenkov spectrum spans the 300 nm < � < 900 nm band due to the dependence of
atmospheric absorption on column depth and Earth emergence angle. The dark-sky airglow
background is stronger in this wavelength band than for the UV fluorescence case [153, 154].
Simulations show that the time width of the Cherenkov signal for accepted events is . 20 ns.
Simultaneous viewing of the EAS from ⌧-lepton decay with both POEMMA satellites and
using a coincidence window of 40 ns results in a false positive Cherenkov signal of ⇠ 0.1%,
due to the atmospheric air glow background, with sensitivity to ⌫⌧ down to ⇠ 20 PeV.

A key feature of the POEMMA design is the capability for rapid follow-up of ToOs.
Various models of neutrino emission for astrophysical transients predict short and/or long-
term neutrino emission associated with the transient event. To search for neutrino bursts
with durations of less than a day, POEMMA can reorient its viewing angle in a matter of
minutes, slewing up to 90� in 500 s. For such short-duration events, the observatories will be
operating in the ToO-dual configuration with separate light pools doubling the e↵ective area
at higher energies and the optimal sensitivity being achieved for sources that set below the
horizon during the event [7]. For longer-duration events, POEMMA can monitor the location
of a given transient months after its multi-wavelength discovery, and the satellite separation
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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 [86].

To summarize, the Cherenkov observations of upward-moving ⌧-lepton induced EAS
are based on a neutrino optical Cherenkov Monte Carlo with a POEMMA PCC instrument
response model that accounts for the e↵ects of the (dominant) dark-sky air glow background.
This Monte Carlo was used to calculate the neutrino sensitivities to the short- and long-burst
transient events shown in Figs. 19 and 20. Studies of the neutrino energy resolution show
that it is a strong function of the Earth-emergence angle of the ⌧-lepton, which is well-
measured (⇠< 1.5�) by POEMMA, as well as the energy spectrum of the incident neutrinos.
From these studies, the energy resolution can span a fraction of a decade in energy, which
is not surprising considering the nature of the processes involved in the chain, i.e. ⌫⌧ ! ⌧-
lepton , ⌧-lepton energy loss in Earth, ⌧-lepton decay in the atmosphere, EAS and Cherenkov
light generation, atmospheric attenuation of the Cherenkov light, and POEMMA detection
of the Cherenkov light.

Figure 20. Left: POEMMA ToO sensitivities to a long burst shown by the magenta band, where the
dark magenta 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 [155]. The
blue bands show the variation of IceCube sensitivity due to celestial source location derived from
Ref. 156 and the red dashed curves represent the projected sensitivity of GRAND200k at zenith
angles 90� and 94� [36], and models from Fang & Metzger [102] 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. Figure from Ref. 7. Right: Sky plot of the expected number of neutrino events
with POEMMA as a function of galactic coordinates for the Fang & Metzger [102] binary neutron star
merger model, placing the source at 10 Mpc. Point sources are galaxies from the 2MRS catalog [157].

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 [7]. 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
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Pathfinders

The NUSES mission (talk by Pierpaolo Savina) is a joint 
project of GSSI and Thales Alenia Space, participated by 
INFN, U. of Geneva (CH) and U. of Chicago (USA), funded 
by the Italian Government and the Italian Space Agency.
NUSES satellite launch by ASI foreseen by 2nd half of 2026.

ü Terzina (the building block of a poem!) – A space-based LEO (BoL 535 km) Cherenkov telescope onboard 
the NUSES mission.

ü POEMMA-Balloon with Radio (PBR) – A super-pressure balloon (altitude ~ 30 km) with a Cherenkov 
Telescope onboard to observe Earth skimming ) and above the limb CR (poster by Julia Burton Heibges).



NUSES Satellite
ü The NUSES satellite hosts two payloads: Terzina

and Zirè (more in the P. Savina talk). 
ü Low Earth Orbit (LEO) with high inclination, sun-

synchronous orbit on the day-night border (BoL
altitude 535 Km, LTAN = 18:00, inclination =
97.8°).

ü Orbit optimized for Cherenkov photons detection.
ü Ballistic mission (no orbital control).



Secondary Mirror

Support Tower

Primary Mirror

Optical 
bench

Lens hood

Interface OHU - S/C

Terzina total weight ~45 kg

Terzina telescope

ü Equivalent focal length FL= 925 mm
ü FP Field of View (FoV) : 7.2o x 2.88o

ü Point spread function (PSF) : <1.0 mm
ü Effective area of the primary mirror: 0.1 m2

ü M1 paraboloid, M2 hyperbole

Schmidt–Cassegrain optics



We can extend the FoV.

Move “down” 
the camera 

Shift SiPM 
arrays

Shift SiPM 
arrays

Horizon

Add filters for > 600 nm (NGB)

Pixel: 3 x 3 mm2 (eff. area 6.58 mm2)
Pixel FoV: atan(rpix/FL) ~ 0.18°

SiPM arrays: 8 x 8 channels

Array dim. : 25.3 x 25.3 mm2

Array Eff. area : 24 x 24 mm2

5 x 2 = 10 SiPM tile arrays total
(8 x 8) x 10 = 640 pixels (channels)

Camera plane with Earth projection of total area 360x140 km2

CR EAS

background 
evaluation 
neutrino 

EAS

Telescope FP & DAQ

ü High Threshold Trigger (HTT) and Low Threshold Trigger (LTT) 
for tile readout

HTT: 1 pixel above HT
LTT: 2 adjacent pixels above LT within Δt=10 ns. 

ü Negligible delay between second pixel above LT and readout.
ü Onboard analysis of the hit-map topologies for event recording.
ü For each trigger: dead time between events of 15 μs.



360Night sky air glow and PDE assumptions

4/17/20 2

Night	air	glow	background	using	Hanuschik A&A	407,	1157–1164	(2003)	
results,	based	on	recommendation	from	Simon	Mackovjack:

314	– 1000	nm:	15,041	photons	m-2 sr-1 ns-1

Increase	by	25%	to	account	for	fluctuations:	18,801	photons	m-2 sr-1 ns-1

Background	<PDE>	=	0.097	≈	0.1	based	on	weighting	Hamamatsu	
S14520-6050CN	PDE	curve	(measured	by	Nepomuk)	with	Hanuschik
spectrum

Need	to	account	for	van	Rhijn enhancement	(from	Simon)

Cherenkov	Signal	<PDE> = 0.20	(as	before)
Simon	Mackovjack

Night Glow Background

Figure 5. Left: The cross-section view of the corrector lens. Center: Photons induced by many UHECRs from 100 PeV protons, with
equal parameters, superimposed on the camera plane. Right: PSF at the same location on the camera plane.

Figure 6. RMS of the light spot radius and PSF after it is pro-
cessed by the telescope as the radius of a circle containing the
indicated percentage of photons as a function of the angle be-
tween light and the optical axis of the simulated telescope.

Figure 7. Photon detection e�ciency versus photon wavelength
for di↵erent SiPM types by FBK.

larger background noise due to the higher sensitivity, and
sensitivity to radiation damage.

We developed a parametric waveform simulation
based on the knowledge of the sensor’s single photoelec-
tron signal shaped by the amplifier and the sensor’s noise
rate and NGB. This simulation, together with the Geant
4 full simulation, is useful to understand the requirements
of the relevant parameters of the sensor and also to define
the trigger (see Sec. 7.1). First, the micro-cell size is rel-

evant with respect to the recovery time ⌧s
2 which should

be minimized in order not to integrate during a signal pulse
development too much NGB and sensor noise. This will
also increase during the mission duration due to integrated
radiation damage (see Sec. 5.1).

Moreover, the following requirements for the SiPM
operating properties are needed: the PDE at peak wave-
length should be at least of 50%, the direct and delayed
cross-talk CT should be lower than 10% at operation volt-
age, as well as afterpulse AP and the DCR preferably not
higher than 100 kHz/mm2.

The NUV-HD-LowCT SiPM technology [5], devel-
oped by FBK, has typical values (for 35 µm cell-size) of
dark count rate (DCR ⇠ 100 kHz/mm2), afterpulsing (AP
⇠ 5%;) and optical crosstalk (CT ⇠ 5%–20%;), and pho-
todetection e�ciency (peak PDE ⇠ 50%–60%.) in the
blue region of the light spectrum. The highest values of
the PDE are achieved with the largest cell sizes available
(e.g. 35 – 40 µm), as they feature the highest fill factor
(i.e. ratio between active area and total area of one micro-
cell / SPAD). On the other hand, the recovery time of the
micro-cell also increases with increasing cell size, as it is
proportional to the micro-cell capacitance and, as a first
approximation, to its area. For example the recovery time
with 25 µm to 35 µm micro-cell size goes from ⌧s = 64 ns
to 140 ns. Reduction of the recovery time is important for
the Terzina application, as it reduces the pile-up probabil-
ity, which might be problematic for triggering as we expect
a relatively high rate of background events. The paramet-
ric simulations indicate the optimal trade-o↵ between PDE
and recovery time is achieved with the 25 µm cell-size.
On the other hand, the recovery time can be mitigated by
changing the parameters of the micro-cell. Hence, in the
simulation we assume ⌧s = 40 ns.

To further improve performance, the Collaboration is
also evaluating an upgraded version of the NUV-HD tech-
nology, the NUV-HD-MT, which employs metal filling of
the Deep Trench Isolation (DTI) that separates adjacent
micro-cells in the SiPM, to further reduce optical cross-
talk probability without sacrificing PDE. The NUV-HD-
MT technology, currently under development as a joint ef-

2The recovery time of the sensor is defined as the time constant of the
slow component of the SiPM pulse for one photoelectron.

ü SiPM NUV-HD-MT (FBK): 35 μm cell-size, DCR ∼ 50 kHz/mm2, 
afterpulsing AP ∼ 5%, crosstalk CT ∼ 5%–20%, detection 
efficiency peak PDE ∼ 50%–60%. Safety factor: 1 = 10.

<latexit sha1_base64="oWOtXjtxMBJhzPp89A4Ayl7cEBo="></latexit>
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ü For a discussion of the Terzina
SiPM radiation damage in 
space see the poster by 
Shideh Davarpanah



Terzina aperture

ü Not less than 20 events per year of CR with E>100 PeV will be detected by Terzina

Figure 8. Left : Photon density of the Cherenkov ring as seen from the telescope produced by 100 PeV protons for di↵erent heights
as a function of distance from the shower axis. Right: Photon spectral composition for showers produced at di↵erent altitudes in the
atmosphere. The deeper the shower the more the photons will be scattered in the atmosphere and spectral emission moves toward the
red band.

Figure 9. Left : Photon angle distribution for a proton of 100 PeV with respect to the shower axis seen by the telescope pointing in the
direction of this axis. Right : Cumulative distribution of the Cherenkov photons as a function of time from the first one emitted in the
direction of the telescope.

Figure 10. The expected aperture for Terzina versus proton en-
ergy during the first year of operation.

to 140 ns. Reduction of the recovery time is important for
the Terzina application, as it reduces the pile-up probabil-
ity, which might be problematic for triggering as we expect
a relatively high rate of background events. The paramet-
ric simulations indicate that the optimal trade-o↵ between
PDE and recovery time is achieved with the 25 µm cell-
size. On the other hand, the recovery time can be mitigated

by changing the parameters of the micro-cell. Hence, in
the simulation we assume ⌧s = 40 ns.

To further improve performance, the Collaboration is
also evaluating an upgraded version of the NUV-HD tech-
nology, the NUV-HD-MT, which employs metal filling of
the Deep Trench Isolation (DTI) that separates adjacent
micro-cells in the SiPM, to further reduce optical cross-
talk probability without sacrificing PDE. The NUV-HD-
MT technology, currently under development as a joint ef-
fort by FBK and Broadcom 3, features a strong suppres-
sion of the CT (by a factor of 10 at 50% of PDE compared
to the original NUV-HD technology). These sensors can
be operated at higher voltage compared to the NUV-HD
and NUV-HD-LowCT and, in these conditions, can reach
a PDE up to 50% also for the 25 µm cell-size (at 12-15V
of over-voltage). Moreover the PDE peak is broader near
390 nm and 420 nm. We are also evaluating an upgraded
packaging solution, to reduce the window thickness. The
absence of a protecting resin would maximize the sensitiv-
ity to the Cherenkov signal in the near-UV region and fur-
ther reduce the optical cross-talk probability by suppress-

3This technology was extensively presented by S. Merzi of FBK
NUV-HD SiPMs with Metal-filled Trenches at the NDIP conference,July
2022.
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üThe detection technique of high energy EAS from space through 
Cherenkov emission is beginning its validation phase.

The results expected by the NUSES (Terzina) and PBR missions will provide:

üThe first robust observation of high energy EAS from orbital and high 
altitudes through Cherenkov emission.

üA test of HE neutrino detection in the Earth skimming  geometry. 

üA complete characterization of the UV - near visible background from 
the Earth limb at different altitudes.

Conclusions

In the forthcoming 3 years new eyes for the observation of high energy neutrinos 
from space will be opened, paving the way for more ambitious missions.

Thank you


