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A space mission conceived as a pathfinder for new observation methods and 
technologies in the study of high and low energy radiations enabling new sensors, tools 
and methodologies. The NUSES satellite hosts two payloads.

ü Zirè - Monitor of the variations of the flux of protons and electrons (E<250 MeV) in the 
ionosphere and magnetosphere possibly correlated with seismic activity. Pathfinder of future 
missions to measure MeV gamma rays from stable and transient astrophysical sources. 
(Talk by I. De Mitri, R. Nicolaidis, Poster by R. Pillera).

ü Terzina - Path-finder of future missions devoted to the detection of high energy (E>1 PeV) 
astrophysical neutrinos and cosmic rays through space-based detection of the atmospheric 
Cherenkov emission. 

ü The NUSES mission was approved by the Italian Space Agency (ASI), that funded launch 
and ground segment of the mission (launch expected by the 2nd half of 2025). 

The NUSES mission

The NUSES mission is a joint project of Gran Sasso Science Institute (GSSI) and Thales Alenia 
Space Italy (TAS-I), funded by the Italian Government and the Italian Minister for economic 
development.



Current list of groups:
- Gran Sasso Science Institute 
- INFN – Laboratori Nazionali del Gran Sasso
- L’Aquila University 
- Roma “Tor Vergata” University and INFN-Roma2
- Torino University and INFN Torino
- Trento University and INFN-TIFPA
- Bari University and INFN Bari
- Padova University and INFN Padova
- Napoli “Federico II” University and INFN Napoli
- Salento Unviersity and INFN Lecce
- Geneva University (CH)
- University of Chicago (USA)
- Italian Space Agency (Science and Research Directorate)

60+ members of the scientific collaboration from GSSI (PI Institution), INFN, several Universities 
in Italy, University of Geneva (CH), University of Chicago (USA) and the Italian Space Agency:

The NUSES Collaboration

Industrial partners:



EPS (Electric Power system)

AOCS, Telemetry and Tele-command 
(TT&C) and GPS Receiver units

NIMBUS (New Italian Micro BUS) 
is a new Platform concept which foresees a 
modular approach relying on standard trays.

AOCS (Attitude and Orbit Control 
System): units\actuators

Satellite Platform

Platform Trays

Terzina

Zirè



Satellite Orbit

ü Orbit optimization for Cherenkov photons detection

ü Ballistic mission (no propulsion for orbital control)

ü Low Earth Orbit (LEO) with high 
inclination, sun-synchronous 
orbit on the day-night border 
(BoL altitude 535 Km, inclination 
= 97.8°, LTAN = 18:00);



ü The observation of astrophysical 
neutrinos at energies > few PeV 
can be achieved only from space.  

ü High energy CR (E>1 PeV) can be 
efficiently observed through EAS 
Cherenkov emission.

Astrophysical neutrinos and HE CR
3

in a violation of unitarity bounds. Consequently, per-
turbative QCD predictions are expected to break down
solely when the nucleon has an increasing number of
partons with small x. For the center of mass energies rel-
evant to our study, however, the neutrino-nucleon cross
section can be calculated perturbatively with an accu-
racy of better than 10% when constrained by measured
HERA structure functions, see e.g. Fig 13 in Ref. [60].

The neutrino interactions could result in the produc-
tion of an UAS if the interaction vertex is close enough
to the Earth surface, within the propagation range of the
tau lepton. Tau leptons with energies below E . 1017 eV
propagate over the decay distance range

�⌧ = 5 ⇥ 105
 E
1017 eV

�
cm . (4)

At higher energies, energy loss processes become im-
portant. The most important ones being the photonu-
clear scattering and e+e� pair production. Several groups
of authors starting from Ref. [61] calculated those pro-
cesses both, analytically assuming a continue loss ap-
proximation, and numerically using the stochastic ap-
proach [62–64]. Here we adopt the results of the stochas-
tic calculation of Ref. [63], which show that the character-
istic distance on which a ⌧ lepton loses half of its energy
is

l⌧ ⇠ 3 ⇥ 105�(⇢,E) cm , (5)

where � ⇠ 1 is a numerical factor which depends on
the elemental composition of the medium and theoreti-
cal uncertainties from the calculation of the interaction
cross-sections [55]. For rock, � ' 1, and is twice as
large for water. The energy loss distance becomes much
shorter than the decay distance at the energies above
⇠ 1017 eV. Taus produced within the min(�⌧, l⌧) distance
below the surface emerge in the atmosphere and decay
producing an extensive atmospheric shower (EAS) of ei-
ther hadronic (in ' 65% cases) or electromagnetic (with
⇠ 18% probability) nature. In about 17% of the cases the
tau lepton decays with production of a muon without an
associated EAS [40, 65].

B. Telescope setup

The mean free path of neutrinos with energies above
PeV is shorter than the mean Earth radius r� = 6371 km.
Thus, the neutrino induced UAS would typically have
an elevation angle
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The UAS emerging at largest elevation angles are pro-
duced by neutrinos passing unobscured at the maximal
depth

dmax 
�2
⌫

8r�
' 50

 E
1017 eV

��0.6
km . (7)

λν

∆

horR
R

θuas

uas

r

d
max

H

FIG. 1: The bottom panel illustrates the neutrino detection prin-
ciple with a space or balloon borne CHANT system. The top
and middle panels exhibit top and side views of possible ar-
rangement for the telescope modules providing 360� overview
of the strip below the Earth limb. Each CHANT module is a
refractor telescope with 60� wide FoV.

The angular width of a strip containing the detectable
neutrino flux is about

� ' arcsin
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where
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p
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is the distance to the horizon from a telescope situated
at an altitude H. Note that the numerical estimate in Eq.

A. Neronov et al. 2017
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FIG. 13. Geometric aperture to above-the-limb cosmic rays
as a function of primary energy for the EUSO-SPB2 [upper
panel] and POEMMA [lower panel] detectors.

IV. APERTURE AND EVENT RATE

For the Earth-skimming neutrino events analyzed in
[1], a semi-analytical estimate was used to determine
the geometric aperture and sensitivity, where a Monte
Carlo methodology was used only to estimate the aver-
age behavior of the EAS properties for use in the sim-
ulation. This was due, in part, to the sheer number of
events which needed to be simulated (correspondingly,
the large amount of computation time) in order to cal-
culate an accurate figure, properly sampling all the rele-
vant distributions involved. When simulating cosmic ray
events from above the limb, we do not have these restric-
tions, as proton induced EAS vary significantly mainly by
the first interaction depth which decreases with increas-
ing energy (here we do not consider the Landau-Migdal-
Pomeranchuk (LPM) e↵ect [41] or ⇡0 interactions, which
for z > 20 km become relevant for energies greater than
3 ⇥ 1018 eV and 7 ⇥ 1019 eV, respectively) [42]. Addi-
tionally, as observed in Figures 11 and 12, the intensity

FIG. 14. Normalized distribution of arrival angle ✓d for ac-
cepted above-the-limb cosmic rays for di↵erent primary en-
ergies as measured with the EUSO-SPB2 instrument [upper
panel] and POEMMA instrument [lower panel].

and the angular scales of the Cherenkov emission from
above-the-limb cosmic ray EAS vary rapidly with detec-
tor viewing angle (on scales smaller than the e↵ective
Cherenkov angle of the distribution), making an analyti-
cal estimate unreliable. For these reasons, in the present
computation scheme we utilize a more realized Monte
Carlo methodology.

In the Earth-centered coordinate system shown in Fig-
ure 1, the detector is positioned at the cartesian coordi-
nates (0, 0, RE + h), where RE is the Earth radius and
h the detector altitude above ground (33 km for EUSO-
SPB2, 525 km for POEMMA). The starting point of the
shower is sampled isotropically on the top of Earth’s at-
mosphere, namely with radius RE + zatm, zenith angle
sampled uniformly in cos✓E within the detector viewing
range and azimuth �E sampled uniformly between (0,
2⇡).

The trajectory of the shower must also then be sampled
isotropically. To do this, we sample the shower zenith in

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.

The three angles ✓S , the angle of the detector’s optical
axis (with respect to the local zenith), ✓d the detector’s
viewing angle with respect to nadir, and ✓E , the Earth
viewing angle with respect to the center of the Earth,
are related as ✓d = ✓s � ✓E . The angle � is the angular
di↵erence between the particle trajectory and the detec-
tor’s line of sight and � is the angle o↵ of the shower
axis within which the Cherenkov emission can be experi-
mentally detected. The EAS trajectory is defined by the
angle ✓tr with respect to the local zenith at the impinging
point.

Referring to Figure 1, it easily follows that the observ-
able trajectories above the Earth’s limb are bracketed
inside the detector viewing angle range:

sin�1
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(
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sin�1
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⌘
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(1)

where the maximum viewing angle di↵ers in the case of
an instrument placed inside the atmosphere or outside of
it.

The ⇡
2 limit in the suborbital case is somewhat arbi-

trary, disallowing for events which have downwards tra-
jectories. We later demonstrate that this is a su�cient
limit, as the limited thickness of the atmosphere at bal-
loon altitudes disallows for significant optical Cherenkov
emission. Following this, in the case of EUSO-SPB2, the
above-the-limb trajectories can be geometrically brack-
eted inside the viewing angle range 84.2� < ✓d < 90�;
while in the case of POEMMA, the corresponding view-
ing angle range shrinks to 67.5� < ✓d < 70�. The angular

FIG. 2. Cumulative slant depth as a function of altitude and
detector viewing angle from nadir, as measured from 33 km
altitude [upper panel] and 525 km altitude [lower panel]. The
Earth limb appears at ✓d = 84.2� and ✓d = 67.5� for 33 km
and 525 km observation altitudes, respectively. Calculations
assume the 1976 US standard atmosphere [24].

ranges given here are purely geometrical restrictions and
do not consider the total grammage of the atmosphere
along these trajectories in which a cosmic ray can inter-
act. Taking this point into account will further reduce
the angular range (see below).

The cumulative slant depth as a function of path length
traveled by a particle through the atmosphere can be
found by integrating the atmospheric density along the
particle trajectory for a given detector viewing angle. As-
suming the 1976 US standard atmosphere [24], the slant
depth profiles for the observation altitudes of EUSO-
SPB2 (33 km) and POEMMA (525 km) are plotted in
Figure 2 across the labeled viewing angles.

Cosmic ray air showers complete their full development
over a distance of roughly 1000 g cm�2, with the shower
maximumXmax (the slant depth where maximum shower
development occurs, and thus a good estimate of the

A. Cummings et al. 2021

Flux



Terzina total weight ~35 kg

Terzina telescope

ü Equivalent focal length 925 mm
ü Field of View (FoV) : 7.2o
ü Point spread function (PSF) : <1.0 mm
ü Effective area of the telescope : 0.1 m2

ü M1 paraboloid, M2 hyperbole



Track fast sim
Fast simulation of the tracks to choose potentially interesting 
events which can be detected.

~1013 simulated events

EASCherSim

MC simulation of the Cherenkov emission by HE CR and photon 
propagation to the telescope

~105 simulated events

Geant4
MC simulation of the photon propagation in the Telescope.

~108 simulated events

SiPM response
Simulating the SiPM response includes cross-talk, after-pulse, 
PDE, preamplifier bandwidth 

~108 simulated events

Full simulation pipeline



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

The Cherenkov signal on the telescope

üMost contributing layers of the atmosphere 
around altitudes 20 - 40 km

ü Looking at the atmosphere limb (just above) 
for CR detection and (just below) for 
neutrinos detection.

ü Tiny layer of the atmosphere shines in 
Cherenkov.

Figure 2. Top: Artistic view of the Terzina telescope with re-
spect to the Earth limb.Bottom: schematic representation of the
detection principle (not in scale).

In the present proceeding paper we will briefly sum-
marise the main characteristics and capabilities of the
Terzina payload, a detailed presentation of the Terzina in-
strument and its detection potential will be discussed in a
forthcoming publication [? ].

2 The Terzina telescope
The Terzina payload is composed by the following ele-
ments: the optical head unit, which is a near-UV-optical
telescope, the focal plane assembly (FPA), the thermal
control system, and the external harness and electronic
units which will be in a separate box. In this paper we
will discuss only the OHU and FPA.

The optical system of the telescope is based on a
dual mirror configuration composed of two parabolic pri-
mary and secondary mirrors with a corrector lens in or-
der to cope with aberrations on the photon detection plane,
namely the FPA. The dual mirror configuration is chosen
to maximize the focal length in the available space which
is a envelope in the shape of a cut-cone with a 394 mm
diameter and a 350 mm length. The resulting focal length
is about 925 mm. The telescope is inclined by 67.5o with
respect to nadir, having an optical axis pointing towards
the Earth’s limb (see Fig. 1).

The FPA is conceived to detect photons from below
and above the limb. It has a rectangular shape with a 2 : 5
aspect ratio. It is composed of 10 SiPM arrays of 8 ⇥ 8
pixels each and 3 ⇥ 3 mm2 pixel size forming 2 rows
of 5 arrays each. The sensors are provided by the Fon-
dazione Bruno Kessler (FBK) and more details are pro-
vided in Sec. 5. The telescope has a field-of-view of 7.2o

horizontally and 2.5o, as each pixel sees 0.18o. It can ob-
serve a vast volume of the atmosphere with a cross-section
of 140 ⇥ 360 km2.

The camera frontend electronics is composed of 10
Application Specific Integrated Circuits (ASICs), each

Table 1. Parameters of the optical system

RoC⇤ Distance Diameter
to primary mirror

units m mm mm
Big mirror 0.80 0 394
Small mirror 0.36 280 144
Camera plane 0.30 40 121
Corrector - 350 362
Equivalent focal length : 925 mm
⇤RoC - Radius of Curvature

reading out one SiPM module with 64 channels. The
ASIC has an input amplification stage and only digitizes
signals upon validation of trigger conditions described in
Sec. 7.1. The currently foreseen amplifier has a bandwidth
of 35 MHz forming the amplified signal with ⇠ 10 ns ris-
ing time (see Sec. 6.1 and Fig. 15 therein). The ASIC
samples the analog signals at a frequency of 200 MHz. It
will digitize at least 3 points on the rising edge of the sig-
nal. The digitized signals from the ASICs will be brought
out of the telescope system through a hole in the primary
mirror partly obscured by the secondary, to a box where
the electronic harness is located. The box will include an
FPGA collecting the data from all 10 ASICs to form the
trigger described in Sec. 7.1.

3 The Geant 4 simulation and the
performance study

We have produced the preliminary simulation of Terzina
based on Geant 4 [11, 12]. While the camera simulation
resembles the system we are building, the optical system is
preliminary. Recently, a final optimization was conducted
in collaboration with a specialized company and this final
configuration needs to be implemented in Geant 4 in the
next future. Nonetheless, our results should not change
substantially as the main optical parameters are similar be-
tween the two configurations.

The optical system of the two mirrors, currently im-
plemented as spherical and not parabolic as they will be,
is shown in Fig. 4 with the rectangular camera between
mirrors. The dimensions of the system are provided in
Table 1. The profile of the corrector lens is calculated to
minimize the PSF for on-axis photons (see Fig. 5).

The optical system simulation takes into account the
mirror and corrector lens reflectivity, transparency, the
SiPM quantum e�ciency and geometry of the photon sen-
sitive camera. The resulting root mean square (RMS) of
the light spot on the camera plane is shown in Fig. 6.

The FPA has been simulated using the geometrical
shape of arrays and their appropriate fill factors in the
micro-cells and in the arrays.

In the simulation we use the Photo-Detection E�-
ciency (PDE) of the FBK technology NUV-HD, optimized
for the UV band shown in Fig. 7, at an over-voltage of
Vover = 6 V 1. Also the PDE of a NUV-HD bare sensors

1Vover = Voperation (operational voltage) - Vbd (break down voltage)

https://pypi.org/project/easchersim/1.1/
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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

Pixel FoV: 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 arrays In total
(8 x 8) x 10 = 640 pixels (channels)

Camera plane with projection on the Earth (total area 360x140 km2)

Cherenkov 
emission by 

CR EAS

background 
evaluation 

neutrino 
showers

Telescope focal plane 



Single shower event looks like a doughnut

EASCherSim Spherically uniform Point like source



Night Glow Background rate
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

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.

üWe are now testing 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 reducing PDE. The NUV-HD-MT technology is a joint effort by FBK and 
Broadcom. 

ü Simulations are performed assuming NUV-HD-LowCT SiPM developed by FBK, has typical 
values (for 35 μm cell-size) of dark count rate (DCR ∼ 50 kHz/mm2), afterpulsing (AP ∼ 5%), 
optical crosstalk (CT ∼ 5%–20%) and photodetection efficiency (peak PDE ∼ 50%–60%.)



No safety factor included

Spread angle up to 10o (FoV/2 = 3o).
Phi and cos(Theta) have uniform distribution.

10 ns

NGB with safety factor : 0.86 MHz x 8 = 7 MHz ~ 10 MHz

Number of NGB p.e. 
in 10 ns in full camera 
(640 pixels).

Rate per pixel NGB = 0.86 MHz 



ü Simulation of the Terzina telescope geometry composed by fused silica and aluminum 
mechanical structure. 

ü Energy deposition in the volume made of SiPM

Electrons
~7 Gray/year

Protons
~3 Gray/year

Total radiation dose
~ 10 Gray/year

Radiation background (SPENVIS+G4)

Radiation dose Light produced in the optical elements 

5 mm

Photons in green
Electrons in red

350 mm 400 mm

ü SiPM and electronics will get the radiation damage 

ü Scintillation, fluorescent materials and Cherenkov radiator materials will produce 
background optical photons. 

ü Low energy and high charge ions potentially can induce the signal directly in SiPM. 



Radiation effects on SiPM Dark Count Rate (DCR)

2x104 cont/ 10 ms

16x104 cont/ 10 ms

ü DCR increase by factor of 8 for 5 
Gray irradiation dose

ü NUSES Geneva group performed 
a measurement campaign 
irradiating the FBK NUV-HD-
LowCT SIPM confirming POLAR-2 
observation.S. Mianowski et al, Exp.Astr. 55 (2023) 2, 343 e-Print: 2210.01457 

SiPM Proton Irradiation POLAR-2

DCR increase by factor of 16 for 10 Gray irradiation dose

Assuming a DCR of 50 kHz/mm2 at BoL than at EoL (3 years) DCR will be 2.4 MHz/mm2 

Expected DCR after 3 years of operation in Terzina: ~22 MHz per pixel

Talk by L. Burm
istrov



ASIC and trigger logic 
ASIC
ü 64 channels (pixels)
ü Each channel has a memory with a total number of 256 cells with 12bit resolution. 

Arranged in a programmable number of blocks (1, 4 or 8). Reference configuration: 8 
blocks of 32 cells each.

ü Two programmable thresholds: low S0  and high S1
ü Two programmable counters: HIGH_CNT and WAIT_CNT
ü Clock cycle: Tclk= 5 ns
ü Data transfer to the FPGA: 1 bit in 1.25 ns
ü Power consumption around 2 mW/channel.

§ S1 is exceeded in one pixel with at least one adjacent pixel above S1 (upper row in figure)
§ S0 is exceeded in one pixel with at least two adjacent pixels above S0 (lower row in figure)

1

5

FPGA firmware – hitmap validator

If one channel exceeds the low threshold S0 , during the time frame Δtc = (HIGH_CNT + 
WAIT_CNT)*Tclk changes to the pixels state are accepted. After the time Δtc = (HIGH_CNT + 
WAIT_CNT)*Tclk the hitmap is acquired. A single hitmap is composed by 112 bits (98 bit + 14 bit 
overhead). Data are accepted (event recognition) if:

Figure 17. SiPM camera composed of 10 tiles. Each tile is read-
out by one ASIC with 8 ⇥ 8 channels. On the left, pixels in black
forming a clusters can be seen, while the other fired pixels repre-
sent examples of background.
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DIGITIZATION (PULSE SHAPE)
Once the event is accepted it will be centred for digitization at tS the time when the threshold S0 (S1) 
is exceeded. Digitization is obtained through 32 time-samples of the signal spaced by Tclk, total 
sampled time interval 160 ns (tS-80 ns, tS+80 ns), occupying one memory block per channel (pixel). 

The digitized signal in a single pixel is encoded in a number of bit: 12x32+header+padding = 434 bit. 
An event in a single ASIC is encoded in 64x434 = 27776 bit.

THRESHOLDS AND TRIGGER RATE
Let’s consider the intermediate case of the mission
after 1 y (blue line), fixing S0=7 p.e. and S1= 9 p.e. one
has roughly 1 KHz for the S0 trigger rate per pixel and
30 Hz for the S1. The hitmap recognition chain has a
total duration: Δtc+140+30 ns. Using Δtc=20+60 ns one
has a hitmap recognition time of 250 ns (deadtime
associated to a single memory block of the ASIC)

DOWNLINK AND EVENT RATE
The downlink that the S/C will provide has a stream of
maximum 45 Gb/d, being the size of one event 27776
bit = 3472 b, the maximum number of events that can
be sent for the offline analysis is 1.29x107 events/day.
Which corresponds to an event rate of roughly 150 Hz.



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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Terzina aperture

üAround 100 events per year of CR with E>100 PeV will be detected by Terzina



üFirst observation of high energy cosmic ray showers from space through 
Cherenkov signal.

üCertify HE neutrino detection feasibility through Cherenkov emission in the 
Earth skimming  geometry. 

üUV - near visible background characterization from the Earth limb.

Conclusions

Terzina is a pathfinder for future space missions

üSuper Pressure Balloons (POEMMA-B). Discussions started to a possible scaling 
of the Terzina design for the POEMMA-B Cherenkov Telescope. 

üSatellites constellations for CR and neutrino detection through Cherenkov 
emission (POEMMA, Space Cherenkov Telescope)
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Two years postdoc position:
The GSSI is seeking outstanding candidates to join the High Energy Astroparticle Physics group for the experimental study
of cosmic radiation.
The ideal candidate should have a solid background in experimental particle and astroparticle physics with a PhD in the 
field. 
Previous experience in the experimental study of cosmic radiation with space-based missions and in the related activities
(R&D, data analysis, and
payload response simulations) would be an asset.
Total gross salary: 45.000,00 eur. Deadline: July 6th, 2023.
See the position 1.2 at the link below: 
https://www.gssi.it/albo-ufficiale-online-gssi/item/download/4396_26fc3b69b46a2d802e2f574daa9c2314

Two years position for a Payload/Satellite engineer:
The ideal candidate should have a solid background in aerospace or electronics engineering. 
He/she will contribute to the design and optimization of the mechanical or electronic model of scientific payloads and/or 
satellite platforms, including the development of test beds used for single subsystems characterization. 
Simulations and tests for space qualifications will also be part of the work. 
Knowledge of the commonly used software tools for mechanical or electronic design is also required.
The selected candidate will join the High Energy Astroparticle Physics group for the experimental study of cosmic radiation. 
See the call at line 313 at this link: https://www.gssi.it/albo-ufficiale-online-gssi

GSSI is also offering four PhD positions in the newborn PhD programme for
“Innovative Technologies for Space Missions and Radiation Detection", under the Astroparticle Physics
area,
Applications from physicists, engineers, and young experts in the field are welcome till July 6th, 2023.
See the call at line 316 at this link: https://www.gssi.it/albo-ufficiale-online-gssi

https://www.gssi.it/albo-ufficiale-online-gssi/item/download/4396_26fc3b69b46a2d802e2f574daa9c2314
https://www.gssi.it/albo-ufficiale-online-gssi
https://www.gssi.it/albo-ufficiale-online-gssi

