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Detectors…  from deep underground to space
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Our landscapes(s)

1 m 2 kg
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AUGER
Currently upgrading the detector. Atmosphere monitoring . Data analysis. Experimental results.
Phenomenological studies and theory development/assessment.

CTA
Construction of the first telescopes. Atmospheric monitoring

DAMPE
On orbit since December 2015.  Data analysis. Standard SW and AI tools. Science results.

HERD
Design optimization ongoing. To be installed on the Chinese Space Station in 2029.

NUSES
New observational techniques (atmo-Č,…) and new technologies (SiPM, …) in space
(UHE neutrinos, Low energy CR, GRB detection, interdisciplinary applications,…)
Payload integration ongoing at LNGS. Launch in 2027.

PBR / Suborbital flights

New techniques for (ultra)high energy EAS detection form high atmosphere

CRYSTAL EYE / WINK
Wide field GRB monitor with pointing capability.  Covering the MeV gap (0.1-30 MeV).
Wink to fly onboard Space Rider in 2027. Full scale prototype funded with PNRR funds.

SpaceItUp!
ASI national program. R&D activity for novel space-based radiation detectors

Ongoing activities at GSSI-LNGS-UNIVAQ

Ground based
Space based
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Our landscapes(s)
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The Pierre AUGER Observatory

Plus a Scintillation detector 
on top

Surface Detector
1670 Water Cherenkov tanks
3.6 m diameter , 1.2 m depth
3 9’’ PMTs + 1 Small 1’’ PMT

Fluorescence Detector
6 telescopes /eye x 4 eyes
3.6 x 3.6 m2 spherical mirrors
80x80 cm2 cameras
440 PMTs, 30x30 deg2 FoV
+ HEAT telescopes
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AUGER: the UHECR energy spectrum
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AUGER: the arrival directions

Auger Coll., Science (2017), APJ (2018)
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The Cherenkov Telescope Array: CTA

LST-1

ARCADE
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Dark matter indirect 

detection

-ray 

astronomy

Cosmic ray 

physics

Three major scientific goals

Launched on Dec. 17, 2015

From the Juquan Space Center

Gobi desert

CZ(LM)-2D rocket

DAMPE: the mission

8th International DAMPE workshop,  GSSI , December 2018

Mass:  1850 kg (scientific payload 1400 kg)

Power : 640 W (scientific payolad 400 W)

Orbit:  sun syncronous

Altitude: 500km

Inclination: 97.41°

Period: 95 minutes

Downlink: 16 GB / day

Lifetime: > 3 years
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DAMPE AMS-02 Fermi LAT

e/ Energy res.@100 GeV (%) 1.5 3 10

e/ Angular res.@100 GeV (°) 0.1 0.3 0.1

e/p discrimination 105 105 - 106 103

Calorimeter thickness (X0) 32 17 8.6

Geometrical accep. (m2sr) 0.29 0.09 1

Mass: 1400 Kg

Power: ~ 400 W

Livetime: > 3 years

DAMPE: the detector
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DAMPE: some science results
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DAMPE: some science results 

(   )

F. Alemanno et al. (DAMPE Collaboration)
Phys. Rev. Lett. 126, 201102

Helium
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HERD: High Energy Radiation Detector

• HERD, a China-led mission with a key European contribution led by Italy, is proposed by 
IHEP as an astronomy and particle astrophysics experiment onboard the China’s Space 
Station, which is planned for operation starting around 2029 for about 10 years.

• Main Science goals

- Precise cosmic ray spectra and composition up to the “knee”
- Gamma-ray astronomy and transient studies (flaring, e.m. follow, …) 
- Electrons spectra (and anisotropy) up to tens of TeV
- Indirect dark matter searches with high sensitivity
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HERD 5yrs “early” p and He knee..  

HERD 5yrs

HERD 5yrs, photon map, E > 1GeV

proton

helium

All-electron

HERD: some performance plots (1)
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HERD: PSD R&D activity at GSSI



Italian led mission conceived as a pathfinder for new observation methods and technologies in the study 
of high and low energy radiations from space enabling new sensors and tools 

60+ persons from many institutions.
Large expertise (and synergies) from space missions/R&D: AMS, DAMPE, FERMI, 
LIMADOU, GAPS, HERD, PAMELA, SPB, newASTROGAM, POEMMA, …

Participating Research Institutes:
- Gran Sasso Science Institute
- INFN Laboratori Nazionali del Gran Sasso
- Università dell’Aquila
- Università di Torino and INFN Torino
- Università di Trento and INFN-TIFPA
- Università di Bari, Politecnico di Bari and INFN Bari
- Università di Padova and INFN Padova
- Università “Federico II” and INFN Napoli
- Università del Salento and INFN Lecce
- University of Geneva
- Columbia University
- NASA Goddard Space Flight Center
- Pennsylvania State University
- New York University Abu Dhabi

Other Industrial Partners:

THE NUSES SPACE MISSION
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NUSES: TWO PAYLOADS

New Technologies and approaches
Development of new observational 
techniques, testing new sensors (e.g. SiPM) 
and related electronics, DAQ, onboard AI, for 
space missions. New solutions for the satellite 
platform.

Zirè Terzina
Pathfinder for future 
missions devoted to UHE 
cosmic rays and neutrino 
astronomy through 
space-based detection
atmospheric Cherenkov 
light induced 
by Extensive Air Showers 
(EAS) with 1016.5 – 1018.5

eV

- Measure the flux (E<300 MeV) of cosmic 
e-, p and light nuclei of solar/galactic 
origin;

- Study of the cosmic radiation variability 
(Van Allen belt system);

- Possible correlation with 
seismic activity due to 
Magnetosphere-
Ionosphere-
Lithosphere Coupling
(MILC);

- Detection of 0.1 - 50 MeV 
photons for the study of 
transient gamma sources 
(GRBs);

- Paving the way for future 
applications of new 
technology (SiPM, Fiber 
Tracker, GRB detection…);
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NUSES: CONFIGURATION AND ORBIT

Low Earth Orbit (LEO) with high 
inclination, sun synchronous orbit on 
the day-night border.

❖ Altitude ~550 km 
❖ Inclination = 97.8 deg
❖ LTAN = 18:00

22

Nadir-to-limb

NIMBUS: 
New Italian Micro BUS
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Zirè: Low energy cosmic rays and MeV photons

CRAND
Cosmic Ray Albedo Neutron Decay

PAMELA Coll.
arXiv:1801.10310v
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Zirè: Low energy cosmic rays and MeV photons 

Magnetospheric
Ionospheric
Lithospheric

Coupling 

Transient 
gamma ray 

sources 

Electrons and protons

MeV
photons

GRBs GRBs



Zirè: LAYOUT

Plastic Scintillator Tower (PST)

Tower of 32 Plastic Scintillator 
layers.
Each layer is composed by 3 
bars.

Fiber TracKer (FTK)

3 double layer XY 
modules of  fibers 
to be used for track 
identification.

Calorimeter (CALOg)

Matrix 4x4x2 of 
GAGG crystals

Anti-Coincidence System (ACS)

9 PS layers 
surrounding 
the  detector.

6 layers: 4x12x1 
cm3

26 layers: 
4x12x0.5 cm3

2.5x2.5x3 cm3
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FTK, PST, ACS and CALOg are all readout by SiPM sensors
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Terzina: Astrophysical Neutrinos and Cosmic Rays

The observation of astrophysical
neutrinos at energies > 10 PeV can be
achieved by detecting EAS produced by
Earth skimming events. The Cherenkov
emission of these cascades provides a
unique signal for space based (LEO)
instruments.

Similar signals are produced by high
energy cosmic rays (CR) impinging the
atmosphere from above the Earth’s
limb. Thus, also CR with E>10 PeV can
be observed through EAS’s Cherenkov
emission from space. This provides a
useful reference/calibration signal.

CR Detection: Above Limb

Neutrino Detection: Below Limb
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Terzina: Layout
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A double mirror telescope composed by:

- the structural (mechanics) and thermal control (TC) assembly

- the optical head unit

- the focal plane assembly (FPA)

- the front-end electronics (FEE) and data acquisition (DAQ) boards

Equivalent focal length FL 925 mm

Field of View (FoV) 7.2° x  2.9°

Point spread function (PSF) ~ 2 mm < Pixel size

Effective area 0.1 m2

Shadowing 8 %

PSF ~ 2mm

Schmidt-Cassegrain (Ritchey-Chrètien) compact system with:
- M1: hyperbolic mirror
- M2: corrector lens with coated external surface acting as aspherical mirror



Terzina: The Focal Plane Assembly (FPA)
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SiPM based camera, consisting of,

● 8 x 8 SiPM arrays

● 2 rows w/ 5 arrays per row

● Total: 640 pixels (channels)

● Array Area: 25.3 x 25.4 mm2

● Array Eff. Area: 24.0 x 24.0 mm2

SiPMs connected to a PCB providing:

● bias HV

● signal routing to a DAQ board

● temperature & radiation sensors

● LED pulser

Camera plane with projection on the Earth (total area 360 x 140 km2)

SiPM Information:
● Size: 2.9 mm x 2.6 mm

● FoV = atan(rSiPM / FL) ~ 0.18° x 0.16°

● DCR ~ 50 kHz  / mm2

● OCT ~ 7%
● PDE @ 450 nm ~ 50 %
● VBD = 32.6 V

Neutrinos

Cosmic Rays



NUSES: Integrating EQM → FM
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Launch 2027
Space X Falcon 9
Setting up the Mission Operation Center 



PBR: POEMMA Balloon with Radio

• Payload of NASA SPB with launch from Wanaka, NZ

• Target date: Spring, 2027

• Flight duration: more than 20 days

- 1.1 diameter Schmidt Optic Telescope with Hybrid 
hybrid focal surface
- 2 radio antennas 
- 1 IR camera (cloud monitoring)
- 1 𝛾/X- Ray detector (early shower development) 

• Pointing: 
- 360° in azimuth via NASA provided rotator 
- Nadir to 10° above horizon in zenith 

POEMMA: Probe Of Extreme Multi-Messenger Astrophysics
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New Detection Concepts for High Energy Neutrinos

Calculations/simulations of Extensive Air 
Shower (EAS) radiative emissions in the 
radio, visible-UV and X-rays energy bands. 

Study new detection techniques for the 
observation of high energy neutrinos from 
orbital and suborbital altitudes
(NUSES-Terzina / PBR,…)



33

Crystal Eye: 

a sky monitor for X-rays 

and low energy γ-rays

- All sky monitor
- Low resolution
- Triangulation on 12 pixels
- Pixel diameter 12.7 cm

- All sky monitor
- High resolution
- Triangulation on 110 pixels
- Pixel diameter 3.3 cm

Multimessenger observation of
GRB170817

EM counterpart of GW event

CRYSTAL EYEFERMI-GBM
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Crystal Eye: 

a sky monitor for X-rays 

and low energy γ-rays
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Crystal Eye: 

GRB sky localization

Use the signal distribution over the detector and smart SW tools to identify the 
position in the sky and send alarms to the community
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Crystal Eye: 

Mechanics and SiPM readout



37

Wink: a Crystal Eye pathfinder

2023
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Space It Up !   @GSSI……..

Setting up novel (space-based) radiation
detectors

Detector innovations with new solutions for:

- particle identification: 

Cherenkov detection for electron tagging

- photon tagging: duly segmented active veto systems

- optical coupling: space qualified materials

- low power electronics

- high dynamic range

- radiation hardness and damage mitigations

Example: Use PMMA with wavelenght shifter to 

enhance the number of detected Cherenkov photons

and then tag electrons wrt non relativistic nuclei



GSSI
SEIC

• 23 partners lead by GSSI 

• 3,500 square meters infrastructure 

• Total grant: 19 Meuro in three years

Space and Earth innovation Campus (SEIC) 
funded under PNRR Academy Industry

Idea                 Prototype Development         Full Engineering



40



41

HE Short Courses

TH EXP


