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S Ongoing activities at GSSI -LNGS -UNIVAQ
' AUGER

Currentlyupgradingthe detector. Atmospherenonitoring. DataanalysisExperimentatesults.
Phenomenologicatudies and theorgevelopmentassessment

G
S

CTA X
Constructionof the firsttelescopesAtmospherianonitoring Groundbased
~ DAMPE Spacebased
_J Onorbit sinceDecember2015. Datanalysis Standard SW and #lols. Science results.
HERD
__ Designoptimizationongoing To benstalledon the ChineseSpace Station in 2029.
— NUSES

Newobservationatechniques&mo-2 = X0 | Y R Y S éSiPNES Odspa@ify2 3 A S a
(UHEneutrinos LowenergyCR, GRBetection, interdisciplinaryt LILJX A OF G A 2y &4 X X 0
Payload integratiomngoingat LNGS. Launch in 2027.

PBR /suborbitalflights
— New techniques for (ultra)higanergyEASJetectionform highatmosphere

CRYSTAL EYE / WINK

Wide field GRB monitor witpointing capability. Coveringhe MeV gap (0.130 MeV).
Winkto fly onboardSpace Rider in 2027. Full sgatetotype fundedwith PNRR funds.

SpaceltUp

ASInationalprogram R&D activity fonovelspacebasedradiationdetectors
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ES The Pierre AUGER  Observatory
|

# Malargue (Arg, 35°S), 1400 m a.s.l.

E range: 10" eV - 10°* eV

Multi-detectors, hybrid reconstruction

Surface Detector array (SD)

s Sampling EAS particles at ground

# 1670 WC tanks, 1500 m spacing,
3000 km=.

# SD-750, SD-433 (= ~10% eV)

Fluorescence Detectors (FD)
s EAS |ongitudinal profile
s 24 Telescopes in 4 sites + 3 HEAT

SurfaceDetector

' 1670 WaterCherenkovanks
36 mdlameter, 12 mdepth ‘ _.- ooooooo A0 .' .- -' ----- 5

0 BMTS 1Smalim QO t a6 f ety Rttt tines?

— R AR N
Plus &Scintillationdetector : 3
on top A * g R R .c ..-.. . c'o . "orados
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3.6 x 3.6 m&phericamirrors 141410100 N\ bafe s s e s s sesessshoh —{10
80x80 cmzZameras :
440PMTs 30x30 degZoV
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G S| AUGER:the UHECR energy spectrum
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world

Auger Coll., Science (2017), APJ (2( TOP 10

BREAKTHROUGH

COSMIC RAYS

Observation of a large-scale anisotropy
in the arrival directions of cosmic
rays above 8 x 10'® eV

The Pierre Auger Collaboration®*t

Cosmic rays are atomic nuclei arriving from outer space that reach the highest energies
observed in nature. Clues to their origin come from studying the distribution of their
arrival directions. Using 3 x 10 cosmic rays with energies above 8 x 108 electron
volts, recorded with the Pierre Auger Observatory from a total exposure of 76,800 km?
sr year, we determined the existence of anisotropy in arrival directions. The anisotropy,
detected at more than a 5.2¢ level of significance, can be described by a dipole with an
amplitude of 6.5’})‘39 percent toward right ascension ag = 100 * 10 degrees and declination
bg = —24'% degrees. That direction indicates an extragalactic origin for these ultrahigh-
energy particles.
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G S AUGER:the arrival directions
|
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G S| The Cherenkov

|

o ArcADE Raman lidar

cherenko telescope array
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a? DAMPE: the mission

Launched on Dec. 17, 2015
From the Juquan Space Center
Gobi desert

CZ(LM}2D rocket

Mass: 1850 kg (scientific payload 1400 kg)
Power : 640 W (scientific payolad 400 W)

Orbit: sun syncronous 8th International DAMPE workshop, GS3¢ember2018
Altitude: 500km . . .
inclination: 97.41A 6 Three major scientific goals
Period: 95 minutes 1 I .
Downlink: 16 GB / day “aé‘ ks Aot SRS
Lifetime: > 3 years | @! e - { i
Cosmic ray e gray
7@ physics <= . ==astronomy

Dark matter indirect
detection
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S

Scint.
Strips

S5 DAMPE: the detector

e/gEnergy res.@100 GeV (%) 1.5
e/gAngular res.@10GeV(° )
e/p discrimination
Calorimeter thickness (X
Geometrical accep. (far)

0.1 0.3 0.1
100 10°- 109 108
32 17 8.6
0.29 0.09 1

Si Tracker

BGO
Calorimeter

Neutron
Detector

1 80.0mm

Mass: 1400 Kg
Power: ~400 W
Livetime: > 3 years
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G s DAMPE: some science results

[LETTER Batlntifcimms

doi:10.1038/nature24475

Direct detection of a break in the teraelectronvolt

cosmic-ray spectrum of electrons and positrons

DAMPE Collaboration*
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Measurement of the cosmic ray proton spectrum from
40 GeV to 100 TeV with the DAMPE satellite
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F.Alemannoet al.(DAMPE Collaboration)

| Phys. Rewett 126, 201102
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DAMPE: some science results
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asl HERD: High Energy Radiation Detector

« HERDa Chinded mission with a key European contribution led by Jislproposed by
L1 9t & Fy ladNRBy2Yeé FYR LI NOUAOES | &idNJ
Station, which is planned for operation starting around 2029 for about 10 vears

 Main Sciencgoals

-t NBOAAS 02aYAO NI aLISOGNI |
- Gammaray astronomy and transient studles (flarigmd T 2 f 1
- Electrons spectra (and anisotropy) up to tengeY

- Indirect dark matter searches with high SenSItIVItn!H-

{a) Top view (b) Side view

(¢) Obligue view
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G 8| HERD: PSD R&D activity at GSSI|

S

Configuring various scintillator bars coupled with AdvanSiD/Hamamatsu SiPMs.

Purification, wrapping and coupling procedures carefully carried out at GSSI - LNGS
Specifically used: [50 x 3 x 1 cm?®] bars coupled with 1 SiPM/side
* Ongoing measurements also include: [50 x 6 x 1 cm?] bars coupled with 2 SiPMs/side

Collaboration with other institutes in Italy in order to determine the optimal geometry.
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S

G s; THENUSESPACE MSION

Italian led mission conceived agpathfinder for new observation methods and technologias the study
of high and low energy radiations from spaa®abling new sensors and tools

60+

Largeexpertise(andsynergie$ from space missions/R&D: AMS, DAMER V)
5h} ~ D!I't{Z 19wh52 t!la9o[!ZX {t.

[ La!

Parti

persons from many institutions.

cipating Research Institutes:

Gran Sasso Science Institute

INFNLaboratori Nazionali del Gran Sasso

' VADGSNRBRAGE RSE€ Q! IjdzAf |
Universita di Torino and INFN Torino

Universita di Trento and INFNFPA

Universita di Bari, Politecnico di Bari and INFN Bari
Universita di Padova and INFN Padova

' YAGSNARAGL GCSRSNARAO2 LL¢
Universita del Salento and INFN Lecce

University of Geneva

Columbia University

NASA Goddard Space Flight Center

Pennsylvania Statgniversity

New YorkJniversityAbu Dhabi

Y

I y@themlndustrial Partners: NSELL 6
- (scienTiFic UL
Z%EFICINASTELLARE __ SOPHIA

OUR WORLD, YOUR SPACE | / . HIGH TECH
- £
m NuclearInstruments

FONDAZIONE
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Measure the flux (E<300 MeV) of cosmic Pathfinder for future

NUSESTWO PAYLOADS

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
lonosphere
Lithosphere Coupling
(MILC);

Detection 0f0.1- 50 MeV :

photons for the study of
transient gamma sources
(GRB}

Paving the way for future
applications of new
technology(SiPM, Fiber
¢N> Ol SNE Dw.

N ~ R ~ ~ R

Terzina

missions devoted tJHE
cosmic rays and neutrin
astronomy through
spacebaseddetection
atmosphericCherenkov
light induced

by Extensive Air Showers
(EASvith 106-5¢ 10185
eV

New Technologies and approaches
Development of new observational
techniques, testing new sensors (eSIPM
and related electronics, DAQ, onboard Al
space missions. New solutions for the satell
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ThalesA_I_el%

A Thwiem / Errmecomrion Corriy Space

GRANSASSOTECH

NIMBUS:
New ltalian Micro BUS

2

o Sun

To Zenith

NUSESCONFIGURATION AND ORBIT

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

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

Zire-FTK window

Zire-LEM
Zire-CALO V-window

Zire-CALO H-window

Terzina

To Limb To Nadir

1 Nadirto-limb

,
o

T
0.5

T T
15 2.0

Time [yr]

T T
10 2.5 3.0

22



107

=10
X 40
X 107
= 10°

:Low energy cosmic rays and MeV photons

T r r g r T g [ T T
SN RS sWew TERD fcii<ts]
{ 1 T 1
r 1 ; 101 1 ; 10r 1
F v 1F v 1f
K 1 9‘10'% 1 g10"r 1
r 1 X107 1 310y 1
01 1 10 0 teg 1 10 10 1 10
kinetic energy [GeV] kinetic energy [GeV] kinetic energy [GeV]
. . . g . . g . .
: 15'=|J\|'=20:“‘E103r 20<1A|<25: E1o‘: 25<|A|<30:
E 1 6 10f F
4 ; 10 ;’ 10k 4
o 1 o 1y
g‘ 107 g 10"y R
X10? \ Z10°p 1
. " " & 103 b " , & 909 b . |
01 1 10 MR [ 10 =06 1 10
kinetic energy [GeV] kinetic energy [GeV] kinetic energy [GeV]
; ; - ; T g T T
30<|A|<35:151§j: 35</A| <40 e}ﬂ:[ 40<|A| <45
) 1
1 910 1 ?10°F 1
; 10k ; 10k 1
o 1 o 1f
9.4 AT "H'H'f \ 1
X 107 X10%p } 1
0 1 10 =100 g 1 10 =107 1 10
kinetic energy [GeV] kinetic energy [GeV] kinetic energy [GeV]
r 45<|A|<5o:£1:j' 50<|A|<55:*g:g:' 55 <[A| <60 1
r 1 E 10! E 100 1
"
r 1 > 10r S 10r L 1
r o 1f o 1f "
Fy { L'} O 101k k
r 1 X10%f § 107§ 1
L L L - -3 L L L - -3 L L L
01 1 70 =0T T 0 =0T 1 10
kinetic energy [GeV] kinetic energy [GeV] kinetic energy [GeV]
r 60<|A|<65‘”E18:' 65<|A| <70 1
1 - 1
r 4 910y 1
\\\ 12 ! PAMELAoIl
e [
’ 8. arXiv:1801.10310v
r 1 =10'f 1
r 1 ; 107§ 1
L L L & 103 b L L
04 1 10 04 1 10
kinetic energy [GeV] kinetic energy [GeV]

Flux [(m2 s sr GeV)']

® July - December 2006
© January - June 2007
o July - December 2007
o January - June 2008
© July - December 2008
® January - June 2009
® July - December 2009
1 !

T

Electron LIS E

0.1

0.2 1

1
2 3456 10 2030

Kinetic Energy [GeV]

Collision with
or O nucleus

\A!mosphere

Galactic cosmic-ray proton

Proton

CRAND

Cosmidray AlbeddNeutronDecay

Belt Composition Rigidity Filling L Residence
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Zire:Low energy cosmic rays and MeV photons

Magnetospheric
lonospheric
Lithospheric

Coupling

Electronsand protons

“

Ionosphere

Raylaigh Wave

Transient
gamma ray
sources
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&S\ Zire:LAYOUT

FTK, PST, ACS &AL Ogreall readoutby SiPMsensors

3 double layer XY
modules of fibers

to be used for track
identification. ——

Anti-Coincidence System (ACS

O PS layers o
surrounding
the detector.

Plastic Scintillator Tower (PST)

Tower of 32 Plastic Scintillator
layers.
Haelk Jayer | composed by 3

Calorimeter(CALOQ)

HALS s

4x12x0.5 crh

Matrix 4x4x2 of
GAGG crystal

2.5x2.5x3 crh
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Astrophysical Neutrinos and Cosmic Rays

The observation of astrophysical

neutrinos at energies> 10 PeVcan be A
achievedby detectingEASoroducedby 2;?::.5!.?
Earth skimmingevents The Cherenkov

emissionof these cascadegprovidesa €
uniqgue signal for space based (LEO) Ve

instruments.

Similar signalsare produced by high CR Detection: Above Limb
energycosmicrays (CR)impingingthe
atmosphere from above the 9 I NJi
limb. Thus,also CRwith EX10 PeVcan
be observedthrough 9 ! {Qheérenkov

emissionfrom space This provides a Neutrino Detection: Below Limb
usefulreferencd calibration signal
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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

SchmidtCassegraifRitcheyChrétier) compact system with:

M1: hyperbolicmirror
M2: correctorlenswith coatedexternalsurfaceactingasasphericamirror

PSF ~ 2mm

Equivalent focal length F

925 mm

Field of View (FoV)

7.2°x 2.9

Point spread function (PSF)

~ 2 mm < Pixel size

Effective area

0.1 n?

Shadowing

8 %
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