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NUSES Satelliteü The NUSES satellite hosts two payloads: Terzina
and Zirè. 

ü Low Earth Orbit (LEO) with high inclination, sun-
synchronous orbit on the day-night border (BoL
altitude 550 Km, LTAN = 18:00, inclination =
97.8°).

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



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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A near-UV-optical telescope composed of:

1. the structural (mechanics) and 
thermal control (TC) assembly,

2. the optical head unit,
3. the focal plane assembly (FPA),
4. the front-end electronics (FEE) and 

data acquisition (DAQ) boards.
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Baffles and radiators. For radiation shielding and 
thermal dispersion. Specifically:

1. enveloping baffle in carbon fiber.
2. radiators in aluminum.
3. vanes in carbon fiber.
4. holder in carbon fiber composed of:

1. a small baffle (4 mm thick) 
2. a tower protecting second mirror

5. optical bench in aluminium
6. FPA vanes and covers in carbon fiber 1
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Terzina optical head unit

A near-UV-optical catadioptric telescope:

ü combines both refractive (lens) and 
reflective (mirrors) elements to form an 
image.

The optics is Schmidt–Cassegrain:
ü a primary parabolic mirror (M1)
ü a secondary aspherical mirror (M2)
ü a corrector plate (lens) attached to 

the secondary mirror
ü focusing photons on the focal plane 

assembly (FPA).
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Equivalent focal length FL 925 mm

Field of View (FoV) 7.2° x  2.9°

Point spread function (PSF) < 1 mm

Effective area 0.1 m2

Shadowing 8 %
Threshold energy 100 PeV



A selection of SiPM arrays has been recently characterized, 
measuring radiation and temperature effects on: VBD, DCR, PDE.

Proton irradiation: 50 MeV beam at IFJ Pan in Krakow
ü DCR increased linearly with dose
ü Variation of VBD was not observed.

Electron irradiation: β-source (90Sr).
ü Less damage w.r.t to proton source.
ü Coated SiPMs receive less dose, but resin layers 

introduce Cherenkov noise.

Radiation damage to the SiPM increases: DCR, power 
consumption and energy threshold.
Annealing as a mitigation strategy:
ü heating above 50° C for several hours (TBD), followed by 

gradual cooling, every 3 to 6 months.

Measurements in a climate chamber show that up to 40% of the 
response is recovered.

SiPM characterizationNUV-HD-MT SiPM arrays provided by FBK:

ü metall-filled trenches provide optical isolation
ü optical cross-talk is strongly suppressed (by a factor of 10)

JCAP 2025, arXiv:2503.00532



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.
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Camera plane with Earth projection of total area 360x140 km2
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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.

Horizon

Pixel: 3 x 3 mm2 (eff. 2.3 x 2.7 mm2)
Pixel FoV: atan(rpix/FL) ~ 0.18°

SiPM arrays: 8 x 8 channels

DCR: ~ 100 kHz/mm2

CT: ~ 7% 

PDE @ 450 nm: ~ 50% 
VBD:  32.6 V 

ü Each DAQ board has 5 CITIROC 
ASICS, each reading 32-channels.



SiPM based camera, consisting of, total 
640 pixels (channels). SiPMs connected to 
a PCB providing:
ü bias HV
ü signal routing to a DAQ board
ü temperature & radiation sensors
ü LED pulser

Terzina focal plane assembly
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Figure 2. Left panel: cross-sectional view of the preliminary geometry of the telescope. Right panel:
(a) CAD of the FPA with two rows of 5 tiles occupying an area of 126.5 → 50.3 mm2. (b) Detailed
view of one tile composed of 64 pixels (c) side view of two tiles and LED position for calibration.

The FPA is designed to detect photons from both below and above the limb and consists
of 10 SiPM arrays, each with 8→ 8 pixels of 3→ 3 mm2 (640 pixels in total). Each channel or
pixel has a sensitive area of 2.73→2.34 mm2. As it is known that a refractor and a Cassegrain
optical system produce an inverted image when used without a diagonal mirror [24], the
optical system of Terzina will image the Earth below the limb in the upper row of 5 SiPM
arrays of the camera. These will be sensitive to eventual neutrino events from below the
Earth’s limb, though the expected rate is negligble in Terzina. A larger mission will be
required. They will be used for characterization of luminous noise from the Earth. The
lower row of 5 SiPM arrays will observe EAS generated by UHECRs from above the limb.
The telescope’s FoV is 7.2→ horizontally and 2.9→ vertically, as each pixel sees ↑ 0.18→. A
computer assisted design (CAD) model of the Terzina telescope is shown in figure 2 (on the
left) and details of the CAD of the FPA and the tiles are shown on the right.

3 The NUV-HD-MT SiPMs for Terzina

The requirements for the SiPM technology to be adopted by Terzina are:

1. to achieve PDE> 50% at 400 nm, namely in the region of the peak of the Cherenkov
light spectrum (which for Terzina depends on the altitude of the EAS, but for the bulk
of the events at around 30 km is between 350-500 nm);

2. optical cross-talk of less than 10% at the operation voltage;

3. dark count rate (DCR) of less than 100 kHz/mm2 at BoL of the mission.

4. signal duration of less than 40 ns full width half-maximum (FWHM).

In partnership with FBK, we have selected their technology minimizing the optical cross-talk
and the DCR, the NUV-HD-MT [25]. We then investigated the micro-cell size that maximize
the PDE while keeping the signal duration short. In fact, the signal duration is proportional
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Launch fixed by ASI in October 2026 – Most probably through a Falcon9 flight

üSTM integration and tests successfully completed  

üEQM integration and tests ongoing to be completed by the end of June 2025

üFM integration and tests July 25 – February 26 (procurement completed)

üPayloads FM assembly, integration and tests February 2026 – April 2026

üDelivery to TASI for payload integration with the platform 30/4/2026

üDelivery of the satellite to ASI July 2026

Next steps

Thank you


