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DetectorsΧ  ŦǊƻƳ ŘŜŜǇ ǳƴŘŜǊƎǊƻǳƴŘ ǘƻ space
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Our landscapes(s)

1 m 2 kg
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AUGER
Currentlyupgradingthe detector. Atmosphere monitoring. Data analysis. Experimentalresults.
Phenomenologicalstudies and theory development/assessment.

CTA
Constructionof the first telescopes. Atmosphericmonitoring

DAMPE
On orbit sinceDecember2015.  Data analysis. Standard SW and AI tools. Science results.

HERD
Design optimizationongoing. To be installedon the ChineseSpace Station in 2029.

NUSES
New observationaltechniques (atmo-2ΣΧύ ŀƴŘ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ όSiPMΣ Χύ ƛƴ space
(UHE neutrinos, Low energyCR, GRB detection, interdisciplinaryŀǇǇƭƛŎŀǘƛƻƴǎΣΧύ
Payload integration ongoingat LNGS. Launch in 2027.

PBR / Suborbitalflights

New techniques for (ultra)high energyEAS detectionform high atmosphere

CRYSTAL EYE / WINK
Wide field GRB monitor with pointingcapability.  Coveringthe MeVgap (0.1-30 MeV).
Winkto fly onboardSpace Rider in 2027. Full scale prototype fundedwith PNRR funds.

SpaceItUp!
ASI nationalprogram. R&D activity for novelspace-basedradiationdetectors

Ongoing activities at GSSI -LNGS -UNIVAQ

Ground based
Spacebased
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Our landscapes(s)

1 m 2 kg
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AUGER
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HERD
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HERD
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The Pierre AUGER Observatory

Plus a Scintillationdetector 
on top

SurfaceDetector
1670 Water Cherenkovtanks
3.6 m diameter, 1.2 m depth
о фΩΩ PMTs+ 1 SmallмΩΩ ta¢

FluorescenceDetector
6 telescopes/eyex 4 eyes
3.6 x 3.6 m2 sphericalmirrors
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

g-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 , December2018

Mass:  1850 kg (scientific payload 1400 kg)

Power : 640 W (scientific payolad 400 W)

Orbit:  sun syncronous

Altitude: 500km

Inclination: 97.41Á

Period: 95 minutes

Downlink: 16 GB / day

Lifetime: > 3 years
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DAMPE AMS-02 Fermi LAT

e/g Energy res.@100 GeV (%) 1.5 3 10

e/g 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. Alemannoet 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 
LI9t ŀǎ ŀƴ ŀǎǘǊƻƴƻƳȅ ŀƴŘ ǇŀǊǘƛŎƭŜ ŀǎǘǊƻǇƘȅǎƛŎǎ ŜȄǇŜǊƛƳŜƴǘ ƻƴōƻŀǊŘ ǘƘŜ /ƘƛƴŀΩǎ {ǇŀŎŜ 
Station, which is planned for operation starting around 2029 for about 10 years.

• Main Sciencegoals

-tǊŜŎƛǎŜ ŎƻǎƳƛŎ Ǌŀȅ ǎǇŜŎǘǊŀ ŀƴŘ ŎƻƳǇƻǎƛǘƛƻƴ ǳǇ ǘƻ ǘƘŜ άƪƴŜŜέ
- Gamma-ray astronomy and transient studies (flaring, e.mΦ ŦƻƭƭƻǿΣ Χύ 
- Electrons spectra (and anisotropy) up to tens of TeV
- Indirect dark matter searches with high sensitivity
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HERD 5yrs άearlyέ Ǉ ŀƴŘ Heknee..  

HERD 5yrs

HERD 5yrs, photon map, Eg> 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 technologiesin 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, 
[La!5h¦Σ D!t{Σ I9w5Σ t!a9[!Σ {t.Σ ƴŜǿ!{¢whD!aΣ th9aa!Σ Χ

Participating Research Institutes:
- Gran Sasso Science Institute
- INFN Laboratori Nazionali del Gran Sasso
- ¦ƴƛǾŜǊǎƛǘŁ ŘŜƭƭΩ!ǉǳƛƭŀ
- 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
- ¦ƴƛǾŜǊǎƛǘŁ άCŜŘŜǊƛŎƻ LLέ ŀƴŘ LbCb bŀǇƻƭƛ
- Università del Salento and INFN Lecce
- University of Geneva
- Columbia University
- NASA Goddard Space Flight Center
- Pennsylvania State University
- New York UniversityAbu Dhabi

Other Industrial Partners:

THENUSESSPACE 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
atmosphericCherenkov 
light induced 
by Extensive Air Showers 
(EAS) with 1016.5ς1018.5

eV

- Measure the flux (E<300 MeV) of cosmic 
e-, pand 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 
¢ǊŀŎƪŜǊΣ Dw. ŘŜǘŜŎǘƛƻƴΧύΤ
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NUSES: CONFIGURATION AND ORBIT

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

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

22

Nadir-to-limb

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

CRAND
CosmicRay Albedo NeutronDecay

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 

Electronsand 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

25

FTK, PST, ACS and CALOgare all readoutby SiPMsensors
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Terzina:Astrophysical Neutrinos and Cosmic Rays

The observation of astrophysical
neutrinos at energies> 10 PeVcan be
achievedby detectingEASproducedby
Earth skimmingevents. The Cherenkov
emissionof these cascadesprovidesa
unique signal for space based (LEO)
instruments.

Similar signalsare produced by high
energycosmicrays(CR)impingingthe
atmosphere from above the 9ŀǊǘƘΩǎ
limb. Thus,alsoCRwith E>10 PeVcan
be observedthrough9!{ΩǎCherenkov
emissionfrom space. This provides a
usefulreference/calibrationsignal.

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: hyperbolicmirror
- M2: correctorlenswith coatedexternal surfaceacting asasphericalmirror


