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The Pierre Auger observatory CINFN >

I
I Southern hemisphere: Malargue, Province Mendoza, Argentina
Y Loma Amarllla TRED LR Surface detector (SD)
' + 1600 stations in 1.5 km grid, 3000 km?2 E > 10185 eV
«61 stations in 750 m grid, 23.5 km?, E > 107> eV
19 stations in 433 m grid, E > 6 10% eV

Fluorescence detector (FD)
« 24 telescopes in 4 sites, FoV: 0-30°, E>10'8 eV
« HEAT (3 telescopes), FoV: 30 - 60°, E>10Y eV

:\-A%!:édos_m, ' Auger Engineering Radio Array (AERA)
e ol (9 «153 antennas in 17 km? array, E> 4 10%8eV
—10.
| 2 AR A Underground muon detector
L Oh i eones g «19(61) stations in 433(750)m array 1016-°<E< 1010 eV

*Energy spectra (new features, deviations from a purely power law)

* Mass Composition: new hints in the determination of CR species

* Arrival Direction: determination of large-scale anisotropy of arrival directions
* Neutral searches and Multi-messenger physics

* Hadronic interactions and more...



The Pierre Auger observatory CINFN o °
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LAquila group experimental activities

Commissioning of the AugerPrime electronics

Atmospheric Characterization Activities with the Raman Lidar

Spectrum Measurement with Hybrid Events i.e., Fluorescence Detector + Surface
Analysis of Spectrum + Composition Measurements in Terms of Astrophysical
Scenarios

Mass Measurement Analysis

High-Energy Neutrinos and photon searches in the Context of Multimessenger
Astronomy

Study of Limits on Lorentz Invariance Violation with UHECRs

Limits on Dark Matter

Properties of UHECR Fluxes Exiting Galaxies

Outreach activities: Auger Masterclass, Street Science



The DAMPE Space Mission

Launched on 17 Decemben2015, currently taking data

- Détei.}ion of--
10GeV - 10TeV e/y .
50 GeV - 200 TeV protons and nuclei
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The DAMPE Space Mission
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The plastic scintillator
detector (PSD)

The silicon tracker (STK)

The BGO calorimeter (BGO)

The neutron detector (NUD)

Charge measurement + anti-coincidence for y ID
2 planes (X/Y) of plastic scintillator bars

Track reconstruction + additional charge measurement
6 planes of Si microstrip detectors + 3 W layers

Energy measurement + em/had showers discrimination
14 layers of BGO crystal bars
32 X and 1.6 A|

Further em/had showers separation
4 boron-doped scintillator tiles




The DAMPE Space Mission
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Primary scientific goals

e Study of CR protons and nuclei
e Study of cosmic (e + e*) spectrum

 Indirect search for dark matter signatures in lepton spectra
e High energy gamma ray astronomy
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The DAMPE experiment: for a more detailed overview see Irene Cagnoli’s poster

DAMPE

High energy cosmic electrons,
photons and nucleiin space

i,on behalf of the GSSI HE-EXP group

The space mission Research goals GSSl activities & DAMPE results
Leptons and light nuclei spectra
 International collaboration  Indirect search for Dark e’
of Chinese, Italian and Matter. . s 882 2077
Swiss scientific e Highenergy y-ray
institutions. astronomy.

o The satellite was launched e Measure the cosmice” +e* il
in orbit on December 2015: spectrum.
- sun-synchronous orbit . study CR protons and W
- atanaltitideof - 500km nuclei (GSS! activities).
- orbit period of 95 min - " r
 9years of data taking in ey fow e
excellent working P

conditions. 5. oce A0 0 201 i ot o

w
-

Spectral Analyses highlights

G Heaviernuclei spectra o
Chomath a.Use on-orbit & MC d: N S —rrr——r——————
ometric - 2 P k| Preliminary
acceptance L b. selection of v:ell . i ; :
BGO _ reconstructed events, i i i -
thickness 2%,(-16A) eg.exclusion of‘meGSOo'ulh : #il 3 - A
12% at 100 GeV (efy) Atlantic Anomaly, BGO ‘ i
Ener, fiducial volume, rejection of st i _—
<40% at 800 GeV | o i oo
resolu%n (nuclei) side-entering CR, etc; airtiley Preliminary | S
10GeV - 10 TeV (ely) e e
Detection | '50Gev-300Tey  C-trackselection;®
(p/nuclei)

d.charge ion;*

e. Unfolding: reconstruction of E L
the primary nucleus energy 5

o . spectrum;
= — ] 3 f. background estimation; — %
o A g. estimation of the statistical [
_— N and systematic I
e l uncertainties. I

® steps not included in the all-particle . L 4
spectrum analysis epod




Detection of

Tt Jy/ 10 GeV - 100 TeV e/y (y>100 MeV)
30 GeV - 3 PeV protons and nuclei




The HERD Space Mission
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SCD

Side SCD

A deep (~55 Xy, 3 A) 3D cubic calorimeter (CALO),
forming an octagonal prism, to accurately measure
the deposited energy and separate electron &
proton induced showers.

A Fiber Tracker (FIT), situated on all active sides,
determining tracks of impinging particles.

A Plastic Scintillator Detector (PSD), covering the
calorimeter and tracker, providing gamma-ray and
charged particle triggers, with an additional level of
charge measurement.

A Silicon Charge Detector (SCD), that envelops all
sub-detectors, ensuring an additional determination
of the charge.

A Transition Radiation Detector (TRD), placed on one
of the lateral faces, providing energy calibration of
nuclei (TeV region). (Not Visible)
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The HERD Space Mission INFN g
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HERD primary scientific goals include

precise measurements study electrons and indirect dark matter search contributing to multi-messenger
of the energy spectra of photon of spectra from observations together with other
CR individual species up GeV up to tens of TeV 2 D it 0 satelites and ground-based
to few PeV %50 I -416GeV experiments
s [ electron+nuclei
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The HERD Space Mission INFN g

The HERD experiment: for a more detailed overview see Irene and Dimitris’s poster

HERD space mission

Probing the Galactic Cosmic Ray frontier

Cagnolil. and Kyratzis D., on behalf of the GSSI HE-EXP group

The space mission Research goals
HERD exposure Expectod HERDS-year-sky-map

o Launch scheduled for 2027 T e Indirect dark g .
® Onboard of the Chinese Space Station & @ =rii | matter search.

(CsS): | N !

- circular LEO orbitinclined at 42° ¥ 1

- altitude of - 340 - 450 km ; 1 e y-rayastronomy

- lifetime>10y I ! &transient studies.

Calorimeter 55X,(~3A) -

Geometric e
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betection ?05((33:‘)1 1100 ?V((v) composition up { / s 4/
30GeV - 3 PeV (p/nuclei) totheknee. | I
SCD Design | = llPsp
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* Outermost detector L
less systematics due to particle fragmentation -
. nghlysegmented

anti-coincidence) and charge
measurementuptoZ =26
* Requirements

o - High detection efficiency (>9998%)
- Wik i I nclel 0
- Highly segmented
FIT .
« For charged particles track Design
reconstruction and y-ray :
conversion in e+e- pairs 3;:;:';?: ;!'i'lz:" of
Design
Read-out system:
Printed Circuit Board

housing 8 SiPMs

Sector: 7X-Y planes
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_— e :
Yupplaml&ovdwes PsD. Fif « Simulations and software development

GSSl acti
o £.9. GEANTA simulation
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CALOrimeter Design
. 3D|magmg calorimeter w-wl(-mmmw
. pic & horr
large acceptance & good energy resolution scientific CMOS -
* Highly segmented
good efp separation . ,
e Double read-out system
cross-calibration Bottomread: -
Photo-diode
connected to custom

electronics chips o the gt yekd to the energy loss)




Crystal Eye NN g ®

TOP-ACS for charged particles \ Dei'eCﬁOn Of
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' 1) Monitoring the electromagnetic counterpart of gravitational waves

' 2) Multimessenger observations

|
|
: Progress in understanding mechanism that power jets (like GRBs, AGNs)

3) Observation of gamma ray lines from supernovae??? (still under study)

Progress in understanding the mechanism of element formation in extreme environment

4) Searching for magnetars

Understanding possible correlation with FRB
5) Study of X-ray binaries in MeV region
6) TGF, space weather
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WINK consists of 3 Crystal Eye pixels and its operations will validate the Crystal Eye technology observing deep space and Earth.

Number of pixels: 3

Material: LYSO
Photodetectors: SiPM-array

Weight: 2kg
Power consumption: <15 W
FOV: 30°




Crystal Eye & WINK INFN g
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Crystal Eye: for a more detailed overview see Aleksei and Igra’s poster

Crystal Eye CINFN

Crystal Eye gamma ray all sky monitor




A joint Gran Sasso Science Institute -Thales Alenia Space Italy (TAS-I) 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 detection techniques.

>60 scientists from Italian Universities and INFN sites, international research and academic institutions and industrial partners.
to zenith \ Large expertise (and synergies) from space missions/R&D programs: AMS, DAMPE, ASTROGAM, FERMI, GAPS, HERD, LIMADOU,
‘ PAMELA, POEMMA, SPB2,, ...

*  To measure UHE cosmic rays and enable neutrino‘ast'ronomy‘ through space-based atmospheric Cerenkov light detection.

To monitor the fluxes of low energy (<250 MeV) e, p, CR to'Study*VanAllen belts; space weather and the magnetosphere-
ionosphere-litosphere couplings (MILE) in ease of'seismic / volcanic aetivities. 7 ; “

*  Todetect0.1-10 MeV photonsfor the st'ddy of transient (GRB, e-m fofI'IbW .up of GW. events, N\ Wemis,__sion lines,...)

* Todevelop new obsekvationa}-téchniqUes, to test sensors (e.g. Silicon PhotoMultiplier, SiPM) and related electronics/DAQ for

space missions.:



The NUSES Space Mission: TERZINA CNFl
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The science case: Astrophysical neutrinos and High Energy CR

particle
shower

Terzina

W 10° i -
y W 7., -3 yr, 20% duty cycle
o T,.,=3yr, 10% duty cycle
10° |
\ E 107} HESE
5
3
g 107 . . . .
3 . < *  The observation of astrophysical neutrinos at energies larger than few PeV can
= HESE events 2 .
S g0 |Tm=3yr 1km® volime N ] be achieved only from space.
) S
HESE even}zts Pod
fpfepiinituns e | *  High energy CR (E>1 PeV) can be efficiently observed through EAS Cherenkov
100 107 10°  10° 107 10° 107 100 107 10- emission.

Energy, GeV
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N.10 8x8 SiPM arrays

I:l I:l I:l I:“:l 640 pixels/channels/SiPMs in total
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Each is SiPM is 3 x 3 mm?

I | Fc o V-0

24 x 24 mm? effective area per array

Background Evaluation
Earth Skimming Neutrino Shower

ROI: CR EAS
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The NUSES Space Mission: ZIRE’ NNy
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The science case: Magnetospheric lonospheric Lithospheric Coupling (MILC)

Background - €l A)
B
BV,GE() zGEO 0.5

- - .
- -

/@ g8 \

EM Emission

Ion sphiEp nter

August 5, 2018 - €l

https://doi.org/10.3390/rs12203299

Study of possible time correlations between earthquakes and variations of the orbital
particle background


https://doi.org/10.3390/rs12203299

The NUSES Space Mission: ZIRE’ NNy
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The NUSES particle detector payload: Zire

FIK (Fiber TracKer): N.3 X-Y modules made of scintillafing fibers
read out by linear arrays of SIPMs

PST (Plastic Scintilator Tower): N. 16 X-Y modules made of
scintilating tiles read out by two setsvof SiPMs of different
sensitive area

CALOg: N.2 4X4 matrices of LYSO crystals read out by three sets
of SiPMs of different sensitive area

ACS (Anti-Coincidence System): a VETO for charged particle
induced events made of plastic scintillator tiles and read out by
SiPMs




The ZIRE' prototype: ZIRETTINO CNFN

Preliminary tests done using a lon beam show that
the detector is sensifive to light nuclei and can

measure Z up to nitrogen.

Deposited Energy [MeV]
0 20 40 60 80 100 120 140
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A fully representative tested at CERN (PS-
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with electrons.
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The NUSES Space Mission

The NUSES-Zire: |
structural model _, J - e - | . EQM assembly
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The NUSES space mission: for a more detailed overview see the posters

. . How can we observe neutrinos of
SI The NUSES mission INF the hlghest energies?

Alber half of th HE

enabling new observation methods and technologies from space

[Science Goal of the NUSES mission The NUSES Collaboration

Why observe v's? Current Techniques

magnetic Signal) is a space ounts 60+ members
hfi r new observation method NFN & Italian Institutions -

technologies e study of high and low energy radiations enabling oot S * Neutioos () e ne n s e a gid o
[new sensors, tools and meth es nt

Terzina

v aslmphyswca\
noutrinos and cosmic rays
e based detection of the
stmaspheric Cherenkov smission.
@ tolescope wil ook at t
atmosphere fimb (ust above) for B &9
CR detection and (ust bel J Zire
or neutrinos detection

dete of C
up-going EA

ops s e (@)

Ay bo sy solargeact

ors o eV umma- ‘ The Ziré detector . . i ' ’ The Modular Cosmic-ray Telescope (MCT

on board of the NUSES mission

The Orbit — : 4 Dimitrios Kyratais on behallof the GSS{ HE £xp group
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Radiation Environment
Protons Electrons
| —n 1 Science Goal

Low Earth Orbit
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NIMBUS (New ltalian MICRO-BUS)

New platform concept which foresees a

[modular approach relying on standard trays. ,EE

k is stil ongoing in the

Wonés Carlo Simsitions & Parformances
x Jine for the payload.

g et Real-time data acqd

MCT:Ofie rack analysi

Trigger studies using simulations

e Hevt e ﬁ;-
Fayiond megaton =
[Low Energy -
hiodulo (L2 '

G

S



Space it up
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New Project just started...

v B

| 3 energies:
6x6 mm? SiPM

Test of different crystals: - .

. LYSO 3x3 mm?SiPM

- GAGG-F o
1x1 mm?2 SiPM

* LaBr3 (SiPM NUV)
Test of different optical coupling

Modular structure
Each layer will have one PCB front-end board

o E— I
Il .




In conclusion...
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