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TeV detectors 



Astrofisica	  Nucleare	  e	  Subnucleare	  
VHE	  Galac<c	  Sources	  



Nova in VHE gamma-rays 

h=ps://arxiv.org/pdf/2202.07681.pdf	  



Nova in VHE gamma-rays 

h=ps://arxiv.org/pdf/2202.07681.pdf	  



Astrofisica	  Nucleare	  e	  Subnucleare	  
VHE	  Extra	  Galac<c	  Sources	  
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Active Galactic Nuclei 





AGN model 



MAGIC	  &	  HESS	  detec<on	  of	  GRBs	  

Zhang B., Nature News & Views (20/11/2019) 



Astrofisica	  Nucleare	  e	  Subnucleare	  
Future	  detectors	  



CTA 



CTA 
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21	  U.Barres	  –	  COSPAR	  2020	  



CTA	  -‐	  North	  

22	  h=ps://www.cta-‐observatory.org/science/cta-‐performance/	  
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	  	  	  	  R.Zanin	  –	  TeVPa	  2019	  



CTA	  –	  South	  	  

24	  h=ps://www.cta-‐observatory.org/science/cta-‐performance/	  
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CTA	  performance	  

26	  h=ps://www.cta-‐observatory.org/science/cta-‐performance/	  



28	  U.Barres	  –	  COSPAR	  2020	  



CTA	  telescopes	  –	  first	  results	  

29	  h=ps://www.cta-‐observatory.org/lst1-‐detects-‐first-‐gamma-‐ray-‐signal/	  



CTA	  telescopes	  –	  first	  results	  

30	  h=ps://www.cta-‐observatory.org/lst1-‐detects-‐vhe-‐emission-‐from-‐crab-‐pulsar/	  



CTA	  telescopes	  –	  first	  results	  

31	  h=ps://www.cta-‐observatory.org/sct-‐detects-‐
crab-‐nebula/	  



CTA	  telescopes	  –	  first	  results	  

32	  h=ps://www.cta-‐observatory.org/astri-‐detects-‐crab-‐at-‐
tev-‐energies/	  



CTA	  telescopes	  –	  first	  LST	  ATEL	  

33	  

h=ps://astronomerstelegram.org/?read=14783	  



CTA	  telescopes	  –	  first	  LST	  paper	  	  

34	  h=ps://www.cta-‐observatory.org/lst-‐collabora<on-‐publishes-‐first-‐scien<fic-‐paper/	  

	  	  h=ps://arxiv.org/pdf/2210.00775.pdf	  
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G.	  Rowell	  –	  COSPAR	  2020	  
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38	  U.Barres	  –	  COSPAR	  2020	  



Science	  with	  
CTA	  

39	  
h=ps://arxiv.org/abs/1709.07997	  



41	  
U.Barres	  –	  COSPAR	  2020	  



Dark	  Ma=er	  with	  CTA	  

42	  h=ps://arxiv.org/abs/2007.16129	  
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U.Barres	  –	  COSPAR	  2020	  



44	  U.Barres	  –	  COSPAR	  2020	  
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Ultrahigh-‐energy	  
photons	  up	  to	  1.4	  
petaelectronvolts	  
from	  12	  γ-‐ray	  

Galac<c	  sources	  
	  

LHAASO	  	  
(Nature	  2021)	  



CTA	  telescopes	  –	  first	  LST	  ATEL	  

46	  

h=ps://astronomerstelegram.org/?read=14783	  



The	  1st	  LHAASO	  catalog	  

47	  h=ps://arxiv.org/pdf/2305.17030.pdf	  



CTA	  Pevatrons	  KSP	  	  

48	  h=ps://arxiv.org/pdf/2303.15007.pdf	  



CTA	  Pevatrons	  KSP	  	  

49	  

h=ps://arxiv.org/pdf/2303.15007.pdf	  



50	  

G.	  Rowell	  –	  COSPAR	  2020	  



Cosmology	  and	  Fundamental	  
Physics	  

51	  h=ps://arxiv.org/abs/2010.01349	  



Cosmology	  and	  Fundamental	  
Physics	  

52	  h=ps://arxiv.org/abs/2010.01349	  



53	  U.Barres	  –	  COSPAR	  2020	  

+	  GRB	  201216C	  (z	  =	  1.1)	  	  	  



54	  G.	  Rowell	  –	  COSPAR	  
2020	  
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55	  U.Barres	  –	  COSPAR	  2020	  
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G.	  Rowell	  –	  COSPAR	  2020	  



58	  U.Barres	  –	  COSPAR	  2020	  



Gamma-ray Astronomy 

59 



Gamma-ray Astronomy 

6
0

Complementary  direct  and
indirect  detec1on  
techniques

Spread  in  par1cle
arrival  1mes  at
detector  units

Atmospheric  Cherenkov
light  image
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Observational Panorama 

62 

⌾ Cherenkov Atmospheric 
Telescopes 
o  20% duty-cycle 
o  Pointing (few degrees FoV) 
o  Energy threshold down to 10s GeV 
o  Good energy and angular resolution 

⌾ Particle Detector Arrays 
→ 100% duty-cycle 
→ Wide-field of View (~ steradian) 
→ Energy range 100s GeV up to 100s TeV 
→ Continual view and accurate 

background determination 

LHAASO

HESS

MAGIC

VERITAS



Geographic distribution 
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CTA-‐N

CTA-‐S

HAWC

VERITAS

HESS

MAGIC LHAASO

Galac1c Equator

SWGO

SWGO  visibility,  Pat  Harding,  LANL



Broadband panorama of high-
energy Astrophysics 

64 

⌾  Point source sensitivity for X- and gamma-ray instruments 

CTA  and  LHAASO  will  
drive  an  order  of  
magnitude  increase  in  
the  TeV  -‐  PeV  region  in  
the  next  decade.  

De  Angelis  et  al.,  Exp.  Astr.  2017

The  100  GeV  fron1er  
remains  to  be  explored  
by  wide-‐field  gamma  
observatories.

Wide-‐field  
low-‐E  fron1er

High-‐sensi1vity
TeV-‐PeV  fron1er



The high-altitude frontier 

65 

The  Andes  provides  a  number  of  high-‐
al1tude  plateaus  and  high-‐al1tude  lakes  that  
cons1tute  suitable  sites  for  a  par1cle  array  
aiming  to  extend  the  low-‐energy  fron1er  for  
Wide-‐Field  Observatories.

4.5 4.05.0 km  a.s.l.

x  10  gain
in  par1cle
number

Adapted  from  G.  Sinnis,  NJPh,  2009



Candidate Sites 

66 
lat.  23  S

lat.  15  S

The  complete  list  of  
poten1al  sites  is  s1ll  
under  inves1ga1on,
aiming  at  an  evalua1on  
for  site  choice  by  2021.



The SWGO Concept 

67 

Detector  array

Large  array  for  low-‐
energy  events
Compact  core  with  
large  instrumented  
area

EPJ-C, H. Schoorlemmer, J.A. Hinton, R. Lopez-Coto, (2019) 



The SWGO 
Concept 

68 

⌾ Core unit is a water-Cherenkov Detector 
⌾  Options being investigated based on tanks (HAWC-like), ponds 

(Milagro-like) and lake-base (test pool under construction at 
MPIK-Heidelberg) 

⌾ Simulations currently ongoing to constrain all 
aspects of the detectors 

⌾ Design strongly dependent on site choice 
⌾  Water access, construction costs, infrastructure feasibility, 

compatibility with scientific driven main design goals… 

Mul1ple  detector  op1ons  to  be
inves1gated

Detector  
units



Performance goals 
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Low-‐energy  
enhancement



Performance goals 

70 
Poten1ally  more  sensi1ve  than  CTA  over  several  years  integra1on  

1me  provided  good  background  suppression  is  achieved.



The Collaboration 

71 

⌾  Southern Wide-Field Gamma-ray Observatory 
+ higher altitude (4400+ m asl) and larger area 
+ more efficient detector units + muon tagging capability 

 improved sensitivity and lower E threshold   

Established  in  July  2019
3  year  R&D  Programme

www.swgo.org 

Member 
institutes 
signed the 
SoI.  

Any 
interested 
individual can 
become 
supporting 
scientist.  



Astrofisica	  Nucleare	  e	  Subnucleare	  
UHECR	  



Metodi	  di	  misura	  dei	  raggi	  cosmici	  	  

73	  

Misure	  dire=e	  
	  E<1014	  eV	  	  
Misure	  indire=e,	  	  
E>1014	  eV	  	  
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CORSIKA 
Simulation
QGSJET/EGS4

proton iron nucleus

e/γ 
µ 
h

E=1014 eV 50 km

40 km

30 km

20 km

10 km

10 km

Perchè	  il	  nucleo	  di	  Fe	  interagisce	  più	  in	  alto	  in	  atmosfera?	  
Perchè	  la	  componene	  ele=romagne<ca	  è	  più	  sparpagliata	  di	  quella	  muonica?	  



Rivelatori	  di	  sciami	  di	  alta	  energia	  

75	  

electrons 

γ -rays 

muons 
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AUGER:	  Un	  rivelatore	  ibrido	  
Rivelatore di sciami: 1600 taniche cilindriche (ciascuna di 10 m2 ed alte 

1.5 m) riempite di acqua, per rivelare gli sciami al suolo tramite la luce 
Cerenkov emessa dagli elettroni nell’acqua 

•  Il rivelatore di sciami misura la 
distribuzione laterale e temporale 
dello sciame 

•  Distanza tra taniche: 1.5 km 
•  Area di forma esagonale, di 60×60 

km2 

•  Rivelatori di fluorescenza: 6 
telescopi con ciascuno 4 “occhi” 
per determinare il profilo 
longitudinale dello sciame e l’altezza 
del suo massimo. 



AUGER	  Energy	  spectrum	  
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Composizione	  chimica	  dei	  RC	  nella	  regione	  
degli	  EAS	  

•  Il modello del leaky box prevede un arricchimento di elementi pesanti 
nei RC sino al ginocchio.  

78	  

•  Gli	  EAS	  possono	  
misurare	  <A>	  con	  
difficoltà.	  	  

•  Le	  misure	  
possono	  essere	  
poi	  confrontate	  
con	  modelli	  
estremi	  (solo	  p	  o	  
Fe)	  via	  MC	  



Possibili	  macchine	  acceleratrici	  

79	  

Z: Carica della particella 
B: Campo magnetico 
L: Dimensioni dell’oggetto 
Γ: boost dell’onda di shock 

B 

L 

GRB (artist) 

Crab Pulsar 

Vela SNR 

3C47 

Centurus A 

M87 



Astrofisica	  Nucleare	  e	  Subnucleare	  
Astrophysical	  Neutrinos	  









Astrophysical Neutrinos 



“The”	  neutrino	  …	  



TXS 0506+056 
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