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The high energy neutrino telescopes 
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Array of optical sensors to detect neutrinos of extraterrestrial 
origin 

Detection of the Cerenkov light produced by the particles   

The faint expected fluxes and the low neutrino detection probability 

Detector with large volume (km3) installed in deep water or ice  

Idea suggested by Markov in the ‘60  
(to use the “beam” of atmospheric neutrinos) 

High energy means -> from 102 GeV to 108 GeV  



Why the neutrino detection? 
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The neutrino observation can give information on: 
 Origin of Cosmic Rays of high energies (astrophysics, cosmology and particle physics) 
 Production mechanism of high energy gammas (hadronic e/o leptonic mechanisms) 
 Properties and production mechanism in the core of sources 

The observation of neutrinos is connected with the already observed  gamma-ray fluxes  in near low 
density sources and high not known high density sources. 



The international context 
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First attempt the Dumand  project – Detector located in Hawaii in the ‘90 
-> failed project 



Baikal telescope - lake Baikal 
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  NT200 working since 1998 

  NT200+ is taking data 

  GVT detector planned - Actually prototyping phase 
GVT = NT200+ and 27 clusters of 8 strings 
Total volume 1.5 km3 



IceCube – South Pole 
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86 strings  60 PMTs each at the South Pole. Volume about 1km3. Depth 2500m  



First astrophysical flux from IceCube 

  Flux of astrophysical origin detected at 5.7 σ. 	
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Not known 
the origin 



ANTARES – Toulon (France) 
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Depth 2470m 

• 12 lines of 75 PMTs (885 
total) 

• 1 line for Earth and 
Marine sciences (IL07) 

•  25 storeys / line 
•  3 PMTs / storey 
•  885 PMTs 

14.5 m 

~60 m 

350 m 

Submarine links 

Junction 
Box 

40 km to 
shore Takes data in the 

complete 
configuration 
since 2008. 
At the moment 
is the largest 
telescope in the 
Mediterranean 
sea 



KM3NeT – Mediterranean Sea 
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Primary Junction box Secondary Junction boxes 

Detection Units 

Electro-optical cable 

Status: funds only for Phase-1 
Phase1 -> 8 towers + 24 strings in Capo Passero - construction phase started 
Phase 1.5 – 2 blocks of 155 DUs (one in capo Passero and the second not yet defined)  

• 	
  KM3NeT	
  in	
  numbers	
  
(full	
  detector)	
  
• 	
  ~6	
  blocks	
  of	
  115	
  DUs	
  
• 	
  18	
  storey/DU	
  
• 	
  ~	
  36m	
  storey	
  spacing	
  
• 	
  ~700	
  km	
  DU	
  height	
  
• 	
  ~90	
  m	
  DU	
  distance	
  
• 	
  ~	
  3	
  km3	
  volume	
  



Visibility 

  ANTARES and KM3NeT 

Mapses - Lecce 23-25 Novembre 
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  IceCube 

Complementary detectors 

>75% 

>25% 
>25% >75% 

Northern hemisphere 
Southern hemisphere 

Galactic coordinates 
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  The neutrinos interact in the water/ice or rocks around the detector and produce 
secondary particles that emit Cerenkov light in a cone at 42° w.r.t the particle direction.  

  Light detected by means of optical sensors (photomultipliers) 
  From the arriving time of photons and from the positions of the photomultipliers is 

possible to determine the direction of the secondary particles. If muons, generated by νµ, 
the precision in the reconstruction of the direction is very high (0.1°-0.2°). High energy 
neutrinos are collinear with muons 

ν

µ

Interactio
n point 



θc 

Detection principle 
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The Cerenkov emission 
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€ 

d2N
dλdx

=
2πα
λ2

1− 1
β2n2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

€ 

v >
c
n

€ 

cosθ ch =
1
βn

  Photons emitted at θch w.r.t the track 
direction 

n water/ice refractive index 

€ 

n =1.35

€ 

θch = 42.2°

High  numbers of photons at 
low wavelength (blue) 

The number of photons in the wavelength between 300 and 600 nm and 
distance unit: 

€ 

dN
dx

= 76500⋅ sin2θ ch ≈ 34500 fotoni /m

The number of Cherenkov photons N emitted by a charged particle of 
charge ze per unit wavelength interval dλ and unit distance travelled dx 



Background of atmospheric muons and 
neutrinos 
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From the interaction of Cosmic Ray with the atmosphere: 
•  Atmospheric muons only down-going (2π ) …. but …. 
•  Atmospheric neutrinos from all the directions (4π ) 

Even if the detectors are shielded by the water/ice the atmospheric muon flux is high  
Search for extraterrestrial up-going neutrinos 



Lay-out 

  Introduction 
  The neutrino telescope  

  Detection principle 
  The detection principle 
  Backgrounds  

  The Monte Carlo simulation 
  MC codes description 

  The reconstruction codes 
  Track reconstruction 
  Cascade reconstruction 

  On the performance of the telescope: relevant quantities 
  Effective neutrino area 
  Sensitivity and discovery potential 

17 

Alghero - 26-30 May 2014 



Why MC simulations? 
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Events in neutrino telescopes 
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Atmospheric muons Atmospheric neutrino Extraterrestrial 
neutrino 

Angular and 
energy 

distribution given 
by the 

interaction of CR 
in the 

atmosphere 

Angular and 
energy 

distribution given 
by the interaction 

of CR in the 
atmosphere + 

oscillation 

Angular, energy 
and flavour 

distribution given 
by theoretical 

models + 
oscillation 

Background Background/signal Signal 



The MC steps 
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Good knowledge of physics needed   

Good knowledge of the 
detector properties Good knowledge 

of the medium 
properties 



The code chain ANTARES and KM3NeT 
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GENHEN 

TriggerEfficiency  
MODK40 



The Generators 
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Good knowledge of physics needed   



Generation of atmospheric muons 
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CORSIKA 
Full air shower simulation 

Mupage 
Analytical approximation 

Based on known models owe  

The final events can be 
weighted- choose all the CR 
models  (spectrum and 
composition) 

Large computing time owe 

High live time on large detector 
possible 

Assumptions and 
approximation… not possible to 
change the CR primary 
composition 

Fastow 



CORSIKA 
Cosmic Ray Simulation for Kascade 

http://www-ik.fzk.de/corsika 
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Full air shower MC simulation. 

  Air showers propagated up to the sea level. 
  Primaries up to A=56 
  CR composition models assigned aposteriori weighting the events.  

•  Cross section for the interaction of 
primaries and secondaries. 

•  Knowledge of the composition of the 
interaction medium (Atmospheric 
properties tunable … 20 parameters to 
set the atmosphere)  

•  Lifetimes and decay channels for all the 
particles 

•  Energy losses of secondaries 

 Code well maintained and compared with experimental data 



CORSIKA 
Cosmic Ray Simulation for Kascade 

http://www-ik.fzk.de/corsika 
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The interaction models  

 Based on data from beam experiments – no data at high energies-> values 
extrapolated 
 Collider experiments cover central region better than forward region -> values 
extrapolated 
 Collider data does not cover all the projectile-target possible combination -> 
values extrapolated 
 Many uncertainties in shower simulation for primary energies above a few TeV   
 Options for the interaction models (high energy ->VENUS, QJSJET, DPMJET, 
SIBYLL, low energy-> GHEISHA). 



MUPAGE 
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Based on analytical parameterization of HEMAS (full air shower simulation). 
Considered the muon bundle 
Muons up to a cilinder around the detector 

  Inputs: 
  Depth  (1500 m <D<5000 m) 
  minimum bundle energy 
  Angular (0°<θ<85°) 
  Minimum muon energy at the cilinder 

  Outputs   
  Energy and direction of each muon in 

the bundle 
  Live time (flux) 



Generation of atmospheric neutrinos 
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CORSIKA 
Full air shower simulation 

Neutrino generator  
Events weighted aposteriori 

with models 

Based on known models 
owe  

Muons in coincidence with 
atmospheric neutrinos 

Large computing time owe 

Different models can be used 

No muons in coincidence with 
atmospheric neutrinos 

Fast 



Atmospheric neutrinos 
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Spectrum  proportional to Eν
-3.6 (100 GeV <Eν <10 

TeV ) 
Contribution from the decay of charm meson not yet 
observed (prompt contribution) Eν >10 TeV  

Conventional component Prompt component 



Atmospheric neutrinos 
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Phys. Rev. D83 012001 (2011) 
Phys. Rev. D84 082001 (2011) 

prompt 



ν in coincidence with muons 
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Vetoing the down-going muon we reduce the atmospheric neutrino background: 
•  depends on the arrival direction -> zenith angle 
•  depends on depth 



Neutrino generators 
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GENIE 
Full air shower 

simulation 
ANIS/NUGEN 

Low energy (100 MeV 
– 100 GeV) owe  

Developed for long 
base line experiment 

Well maintainedowe 

Few 100 GeV – 1012 
GeV  

Developed for Neutrino 
telescope 

Used by IceCube  

GENHEN 

Few  GeV – 109 GeV  

Developed for Neutrino 
telescope 

Used by ANTARES/
KM3NeT  



Neutrino interaction 

  Neutrino interaction and flavours:  
  Charged Current   νl, N ->l + hadrons 
  Neutral Current    ν N -> ν + hadrons 
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CC νµ interaction 

NC interaction CC νe interaction 

CC ντ interaction 



Muon Neutrino interaction 
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  Neutrino interaction  
Charged Current   νµ, N -> µ- + hadrons 
Neutral Current    νµ N -> νµ + hadrons 

€ 

y =
Eν − E µ

Eν

Inelasticity plot 

θ	


µ	



X

νµ	

 N 

For neutrino energies >TeV 
neutrino and muon collinear 

Gandhi et al. Astr.Phys. 5 (1996) 81-110 



The single steps 
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Generation of neutrino 
according to a 

spectrum 

Propagation of the 
neutrino through the 

Earth 

Interaction and 
propagation of 

secondary particles 

If CC or NC –DIS 
Resonant ve scattering  

If CC or vτ CC 
regeneration 



Neutrino cross section 
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DIS Muon Neutrino cross section 
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Gandhi et al. Astr.Phys. 5 (1996) 81-110 
Cooper-Sarkar et al. arXiv:1106.3723v2 

€ 

{ σ ∝ Eν

uncertainties > 5% per Eν>108GeV  



Earth transmission probability 

The Earth is not 
transparent to high 
energy neutrinos (>PeV) 

Transmission probability: 
37 
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The Earth model 



GENHEN 
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GENHEN generates al flavours neutrinos 
(antineutrinos) (ve,vµ,vτ) 

  Main inputs 
  neutrino energy range (2 GeV<Eν<108 GeV) 
  neutrino angular range 
  neutrino flavour 
  Generation spectrum  

  Outputs 
  Charged particles at the interaction vertex (Energy, angle and type) 
  Muons propagated up to the can level 
  Weight of the events 

 LEPTO neutrino interaction 
 CTEQ6 structure function 
 PYTHIA/JETSET for hadronization 
 DIS+RES+QE interaction (RES
+QE for the low energies)  



Generation volume  

Only neutrinos inside the generation volume can reach the detector. 
Very large detector volume for muon neutrinos 
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Dimensions dependent 
on the range of muons 

νµ	



µ	



Sea bed 



The “can” 

µ	

 1÷2 absorption 
length 

Only the light produced inside the cilinder around the detector can be “seen” 
by the optical sensors. 
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Sea bed 



Event weights 

  A posteriori it is possible to weight the events to change the generation 
spectrum  

Alghero - 26-30 May 2014 

41 

€ 

Wevent =
dφmod el

dEν dΩdSdt
dφ generation

dEν dΩdSdt
=Wgeneration ⋅

dφmod el

dEν dΩdSdt

€ 

Wgeneration =
Vgen ⋅ Iθ ⋅ IE ⋅ E

γ ⋅ σ(Ev )⋅ ρNA ⋅ PEarth (Ev,θν )
Ntotal

€ 

Generation 
Volume  

Generation spectrum  

Sezione d’urto  
Number of nucleons in 
the medium target 

Earth transmission probability 



The GENHEN output 
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The Light and hit generator 
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Good knowledge of the 
detector responces 

Good knowledge 
of the medium 

properties 



Light and hit generation 
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Full simulation based on 
GEANT 

Very slow: not possible to 
simulate high energy events 
on large detector 

Used to generate the 
parameterizations and verify 
the results 

Binning effect and light 
propagation in medium based 
on models  

Code based on light tables  

Each photon is tracked 

Very fast  



Light and hit generation 
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KM3 in ANTARES/
KM3NeT 

Particle propagation 
into the medium 
inside the can 

Generation of light 
from particle and 
shower 

PMT response 
simulation 

Muons 
E.M. showers 
Hadrons at the interaction vertex (One/
Many Particle Approximation) 

Cerenkov light and stocastic emission of 
E.M. showers 

Hit generation 

Good knowledge of 
the medium 
properties required 



The KM3 code 

GEN HIT e KM3 used in ANTARES and KM3NeT 
GEN e HIT generate light tables (based on full simulation GEANT). 

Optical water properties and PMTs characteristic taken into account 
KM3  propagates muons and generates, from the light tables, photons and 

generate PMT hits 
  Main inputs 

  Files optical water properties (absorption length and scattering length as 
a function of the wavelength) 

  PMT properties (TTS, QE(λ), photocatode area) 
  Optical properties of gel and glass of  bentosphere 

  Outputs 
  Hits with PMT identifier, arrival time of photons and charge 

Alghero - 26-30 May 2014 

46 



The light tables 
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GEN e HIT based on GEANT.  
GEN generates a photon field at different radii from a segment of the track or E.M. 
shower. Water properties taken into account 
HIT reads GEN output and generates tables with a photon probability distribution 
around the PMT. 

Tables recreated only if 
water properties and 
PMT characteristics 
change  

Problem of binning and 
interpolation 

Not easy for ice  



Water/ice optical properties 
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  The water/ice “transparency” is measured by the absorption length Labs and the 
scattering length Lsca  

The attenuation length is :  

€ 

1
Latt (λ)

=
1

Labs(λ)
+

1
Lsca (λ)

Scattering on molecules (Rayleigh scattering) or 
on particles (Mie scattering) 

€ 

Lsca
eff =

Lsca (λ)
1− cosθ scat

Used also the effective scattering length 

 Scattering 
coefficient 

Absorption 
coefficient 

Attenuation 
coefficient 



Water vs ice 

  Water -> homogeneous medium: 
  Baikal water: Labs=22-24m, Lscat=30-50m, low background  
  Sea water: Labs=50-70m, Lscat=55m  

  Ice ->not homogeneous medium : 
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Scattering coefficient  
very different (up to a 
factor 7) 
<Lscatt> ≈ 30 m 

Absorption 
coefficient differs of  
a factor 3 



The optical sensors: PMT 

Alghero - 26-30 May 2014 

50 

Baikal 

la 

ANTARES e lceCube KM3NeT 

1 large PMT (10”) inside 
a bentosphere (17”) 31 small PMT (3”) inside 

a bentosphere (17”) 
1 hibrid PMT 



PMT: the main characteristics 

  Quantum efficiency 
  High QE required in the blue wavelength region  

  Angular acceptance   
  Good precision required at backward angles 

  Timing 
  Good timing required (effect on the arrivl photon time -> 

angular track resolution) 
   Transit Time Spread 1 ns (sigma) 

  Photocatode area 
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Angular PMT acceptance  

  The angular acceptance estimated with GEANT4. 
Correctness of GEANT4 verified with laboratory 
measurements 
  Geometry 
  Water characteristic 
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PMT 10” 

PMT 3” 



The KM3 OUTPUT 
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The 40K and bioluminescence  
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In sea water telescope photons due to the beta decay of  40K are present: 
  beta decay of  40K presents in the salt.  

40K 

40Ca 

e-­‐	
  
Cherenkov	
  
light	
  

beta	
  decay	
  

Rate of about  360 s-1 cm-2 

Baseline of about 40 kHz in8”  PMT (0.3 p.e.) 
And 5 kHz in 3” PMTs 

•  Bioluminescence from micro-organisms (bacteria)            baseline + bursts  
•  Light from macro-organisms           bursts of MHz 

The bioluminescence if present is strongly correlated with the sea current. 



The rate in the PMTs 
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MC generation of 40K hits and electronic 
simulation 
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  KM3NeT uses MODK40 code ->add not correlated in time due to 40K 
inside a time window Δt (1/2 max crossing time of a muon inside the 
detector) around the event time window. Not  included the 
bioluminescence  

tfirst  tlast  

Δt  Δt  

  ANTARES ->adds “run by run” the40K  background from the data 
(minimum bias) (bioluminescence automatically included) 

  Input 
  40K rate 
  Δt value 

  Output 
  Hits ( PMT identifier, photon arrival time, charge 



40K Coincidence rate in the multi-PMT 
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40K 

40Ca 

e-­‐	
  
Cherenkov	
  
light	
  

beta	
  decay	
  

Probability to have time coincident hits in two 
PMTs inside the Multi-PMT is not negligible 

Probability matrix estimated with GEANT4 and 
included in MODK40 

* 10-4 



MODK40 output 
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…………………… 
…………………… 



The data/MC flow 
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DATA 

Trigger on line 

Calibration 

Generation code 

MC 

Data raw acquired 

Propagation and Light and hit 
generation  

K40 added and electronics 
effect simulated- >hit raw 

Trigger  

Track reconstruction:  
•  muon track reconstruction 
•  cascade reconstruction 
•  energy reconstruction 

At this level Hit_Raw for MC 
and Data: 
• PMT identifier 
• Time (ns) 
• Charge (photo-electrons) 



The trigger 
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Applied both to date and  MC 

  Trigger based on time (to reject mainly the 40K 
background) or on geometrical issues (to reject atmospheric 
muons and neutrinos) 
  Local coincidence: Ex. 2 or more  hits in close PMTs in a time window of 

10ns  
  Coincidence in one or more floors/strings.  
  Directional trigger  (Galattico center) 
  Veto on first top layers of the detector… 

Depends on the detector geometry and on the 40K rate 
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How muon and cascade events look like 
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Muon event in IceCube Cascade event  in IceCube 



What do we need to reconstruct the event 
direction and energy 
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Photon arrival times and PMT positions in 
each event 

Events partially cleaned 

Events with soft cuts: on the geometry, on the 
number of hits…. 

Different codes and strategies for different events: cascade or track events 



Measurement of the PMT positions in water 
telescope: the acoustic positioning system 
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Acoustic 
transceiver 

hydrophone 

Position measured with an 
uncertainty of about 10cm 

Hydrophones  and 
transceivers located in 
several floors along the 
line 

In each floor compass 
and  tiltmeters 

In ANTARES a measurement 
each 2 minutes 

The strings are in 
continuous 
movement due to the 
sea currents 



The muon tracks 
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Muon track reconstruction code  
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€ 

tteorico = t0 +
1
c
l − k
tanθ c

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ +

1
vg

k
sinθ c

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

θc=42° 

€ 

Δtres = tteorico − texp

To obtain the track direction = 5 
parameters θ,φ,x,y,z (x,y,z, pseudo-vertex 
coordinates) needed. 

To obtain the 5 parameters we minimize  

All the code are based on the same 
space-time relation 

Based on the relation between the track direction and photon emission angle 
present in the Cerenkov emission 



Time residual 

  Time residual  
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€ 

Δt = t ph − tcerenkov
teo



Muon track reconstruction in KM3NeT 
68 

•  Code for Multi-PMT based on: 
•  hit selection 
•  likelihood function maxmization. Likelihood based on Probability Density 

Function (PDF) 

Estimate the track direction looking for the track direction that maximize the probability. The 
PDF is estimated parameterizing the MC expectation. Some attempts to evaluate analytically 
the PDF 
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Muon track reconstruction in KM3NeT 
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€ 

Δt − Δr
v

< 20ns

€ 

Δt − Δr
c

< 500ns&& 

A hit “seed” is needed 

PMT near  PMT far  

The causality filter to remove hits due to 40K 

• Hit selection 

Several fit steps performed: Prefit + 3 different fits 
For each intermediate track a further hit selection is performed: 
•  Time-residual 
•  Angle of photons w.r.t. the PMT axis 

Light velocity in water 



Muon track reconstruction in KM3NeT 
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Code optimized for high energy muon tracks 



The angular resolution 

Alghero - 26-30 May 2014 

71 

Log10 ΔΩ (µrec-µgen) 

Angular resolution at the different steps in the reconstruction code 



The muon track reconstruction in KM3NeT 
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  Inputs 
  Events (hit_raw) and file with the detector geometry   
  File with parameters  “hard coded” (threshold, coincidence levels…) 

  Outputs 
  Track versors and pseudo vertice coordinates of the final track 
  Few tracks  compatible with the last track 
  Parameter errors 
  For each track a Λ parameter (related to the reconstruction quality) 

€ 

Λ =
−log(L)
nfit − 5

+ 0.1⋅ (ncomp −1) Cut on the Λ parameter rejects badly 
reconstructed tracks 

Number di hits in the final fit 

Number of compatible tracks 



Angular resolution 
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Source with spectrum E-2  

No cut  
Λ>-5.5 

No cut  
Λ>-5.5 

Source with spectrum E-2 exp-E/Ec with 
Ec=2.1TeV 



Λ cut 
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up-going tracks 

Atmospheric µ badly reconstructed 



Energy reconstruction  
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  Based on the following relation 

€ 

−
dE
dx

= a(E) + b(E)E

Almost constant 
energy loss for 
ionization 

Stochastic energy loss 
above 1 TeV 

  The muon energy is correlated to: 
o  Number of  hits per length  unit 
o  Total charge 
o  Photon distribution 

  The energy reconstruction codes need: 
  Reconstructed muon track  
  Already selected hits (no 40K hits) 

    



Muon energy reconstruction 
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  Different algorithms based on different techniques (Eµ>10TeV): 
  Number of hits or Nhit/PMT  (proportional to the total number of photons emitted) 
  Charge per track length 

  Neural networks (PDF used) PDF estimated using number of hits, positions, charge, time 
in the learning phase 

  Maximization of the likelihood (analytical PDF ) 
€ 

dE
dx

≈ ρ =
1
Ldet

A∑
pacc

A charge of the hit 
Ldet track length inside the can 
Pacc detector acceptance 

Uncertainty in the reconstructed energy  25% (at high energy) and 40% in log10
(ΔE) for Eµ>10TeV (up-going tracks)  
• In IceCube maxmization of  likelihood. The PDF from a model that takes into 

account the ice structure 

Risolution between ≈1% for Eµ>1PeV and 40% in log10(ΔE) for Eµ>20GeV  



Cascade events 
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Cascade reconstruction  

  Important for the detection of  νe 
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Number of e.m. photons as a function of the 
emission angle 

 All the energy inside a small 
volume -> most of the light 
inside the detector 

€ 



 Shower reconstruction 

  Vertex reconstruction    Direction reconstruction 
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 Based on the space-time relation 

€ 

Δtres
i = texp

i − tth
i = texp

i − (tsh + n /cdi) = 0

Uncertainty in the direction 
reconstruction < 10° 

Based on the relation  

  

€ 

 
D tot =

1
Nhits −1

 
D i

i=1

Nhits −1

∑

Uncertainty on the vertex reconstruction 
< 5m 



Cascade energy reconstruction 

  Energy reconstruction 
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Based on the relation: 

€ 

A pe[ ] = ai
i=1

N

∑ Ri exp(di /τ)

τ absorption length 
ai amplitude of the hits   

Uncertainty in the energy reconstruction of log(Eshower)<0.36 



The reco output 
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Lay-out 

  Introduction 
  The neutrino telescope  

  Detection principle 
  The detection principle 
  Backgrounds  

  The Monte Carlo simulation 
  MC codes description 

  The reconstruction codes 
  Track reconstruction 
  Cascade reconstruction 

  On the performance of the telescope: relevant quantities 
  Effective neutrino area 
  Sensitivity and discovery potential 
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The effective neutrino area 
Only from MC 
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The effective neutrino area 

  Given a source flux the expected number of event in the detector can be 
calculated: 
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€ 

Nµ = Aeff
ν Eν ,θν( )∫∫ ⋅ T⋅ dφv

dEν dθν

€ 

Aeff
ν θν ,Eν( ) =Veff θν ,Eν( )⋅ ρNA( )⋅ σ Eν( )⋅ Pearth θν ,Eν( )

Numero di events 
at the detector 

Observation 
time  

€ 

∝ Eν
−2

∝ Eν
−γ exp − Eν

Ec

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

Neutrino effective area 

 effective 
volume 

Number of 
nucleons on the 
target 

Neutrino 
cross section 

Transmission 
Earth probability 

Source spectrum 



The effective volume 

Detector efficiency 
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Generation 
volume 

WARNING: The neutrino effective area depends on the event selection : 
Es. Triggered events, reconstructed events, with the analysis cuts…. 

Hard to compare the performance of a detector comparing the effective 
area. 

Number of selecte 
events 

Number of 
generated events 



Neutrino cross section  

Mainly Deep Inelastic Scattering on 
nucleone N 

1 TeV 1 PeV 

θ	


µ	



X 

νµ	

 N 

For energy  >TeV  -> muon and neutrino collinear   

10-33 cm2 

10-35cm2 
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Effective neutrino area 

  Effective neutrino area ofr KM3NeT  
(TDR http://www.km3net.org/KM3NeT-TDR.pdf) 
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Λ>=-5.3	


Λ>=-4.9, nfit>39  

At high energy 

 Instrumented volume  

Region at low 
energy 

“Density” of 
PMTs 

Quality	
  Cuts	
  applied	
  
(median0.2°@30TeV)	
  	
  	
  
Quality	
  Cuts	
  optimized	
  for	
  	
  
Point-­‐like	
  sensitivity	
  E-­‐2	
  



The angular resolution 

  Angular resolution 
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Point Spread Function 

 point-like cuts 
applied 
Median 0.1° 

median	
  of	
  the	
  θ ν-µ 
distribution 	
  



Source search 
89 
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  Dati after the reconstruction  
  θ,φ,T->δ,RA (equatorial cooridnate) 
  θ,φ,T->b,l (galactic coordinate) 
T  absolute time of the events 

  MC after the reconstruction 
  θ,φ,T->δ,RA (equatorial coordinate) 
  θ,φ,T->b,l ( galactic coordinate) 
T random 

Events up-going with the cuts  Events up-going with the cuts  



Source search 

Search of events of neutrinos from an astrophysics source  
  Statistical methods applied 

  Binned method 
  Full sky search : the sky is divided in bins and in each bin an excess of 

events is searched. 
  Point search: for a fixed declination (known candidate source) an excess 

of events is searched around the known declination 
  Unbinned method 

  Full sky search: search on the full sky cluster of events and a comparison 
between the probabilities to have a signal or background are compared 

  Point search:  around the fixed declination (known source) a comparison 
between the probabilities to have a signal or background are compared 
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Sensitivity and discovery potential  

DEFINITIONS 
  Sensitivity:  is the average upper flux limit one would get 

from an ensemble of experiments with the expected 
background and no true signal (theoretical models can be 
discarded if above the flux limit) 

  Discovery potential: source flux required to observe, with a 
fixed probability, a certain number of events with a fixed 
value of significance above a background. 

  A source can be declared “discovered” if a certain number 
of events are detected with a significance of 5σ above the 
estimated background.	
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Sensitivity 
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Discovery and sensitivity for KM3NeT 

  As a function of the 
observation time 
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Discovery 5σ 50% 

Sensitivity 90%C.L. 

  As a function of the 
cutoff  

Point-like δ=-60° E-2 
Point-like δ=-60° E-2 exp(-E/Ec) 

Discovery 5σ 50% 

Sensibilità 90%C.L. 



No conclusion……. only 

thank you for the attention 
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