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Laboratori Nazionali del Gran Sasso

Depth: 1400 m (3800 mwe)

Location: Gran Sasso Tunnel (Abruzzi, Italy)

Operating Institution: Istituto Nazionale di Fisica Nucleare (INFN)

LNGS

Scientists involved in LNGS experiments: 700 from 24 countries

LNGS permanent staff: 60 (physicists, technicians, administration)

Corno Grande (m. 2910)

Campo Imperatore

(m. 2000)

Monte Aquila 
(m. 2600)

Underground lab

The area of Campo Imperatore
above LNGS
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Hall C

Hall B

Hall A

The LNGS Underground area

Underground area : 3 halls (100m x 20m x 15m) + service tunnels
Total volume : 180000 m3

Tera
mo

Surface: > 6000 m2

Highway
tunnel

L’A
qu

ila
 

CERN ν beam
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Outside facilities:
- offices
- mechanical workshop
- chemical lab
- electronic workshop
- computing center
- library
- canteen
- conference rooms
- assembly halls
- administration department

Astrofisica Nucleare e Subnucleare

Fisica
Nucleare
e Subnucleare

Astronomia

Astrofisica e
Cosmologia

ASTROFISICA

NUCLEARE

E SUBNUCLEARE

( Fisica Astroparticellare/Astrofisica Particellare )



AtomoAtomo NucleoNucleo NucleoniNucleoni: : protoniprotoni e e neutronineutroni, , 
ADRONI =ADRONI = FattiFatti di quark: con di quark: con legamelegame nuclearenucleare forte]forte]

“Adroni”

Fatti di quark

12C (Ione Carbonio) =

6 protoni + 6 neutroni

Atomo

protone o 

neutrone

Quark  “u” o “d”

“e” Elettrone

Big Bang tempo dopo il big bang
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3000 K

1010 K

300000 anni100 s

Formazione degli atomi neutri
e l’universo diventa
trasparente alla luce

T (K) ~ 1010/t½ (s)
Equilibrio di n e p
Poi Nucleosintesi

nuclei atomi



Origine:

Big Bang Nucleosintesi

Stelle calde

Esplosioni di Supernova

Interazioni con raggi cosmici

Tavola periodica degli elementi ============ >
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Modello Standard:

FERMIONI 
Leptoni e quark
Costituenti Della Materia

e BOSONI
Fotoni/W,Z, gluoni
Portatori di Forza: 
Elettromagnetica/
Nucleare Debole,
Nucleare Forte
(G) Gravitazionale?

Unificazione delle Forze

time since Big Bang

Today

Big Bang
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MODELLO STANDARD : Fermioni (Costituenti) e Bosoni (Mediatori)
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Limite superiore mν

Massa dei fermioni:
Quark e Leptoni

KamLAND

ν : Massa=0 ?
• no νR

• numero leptonico L
conservato

ν: Massa >0 ?
• νR pesante
• numero leptonico L

non conservato
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Limiti Sperimentali per 
la Massa dei Neutrini

(50 anni di misure)
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Oscillazioni dei Neutrini

|νe> , |νµ> , |ντ> =Autostati dell’Interazione Debole

|ν1> , |ν2> , |ν3> =Autostati di Massa (H Evoluzione t)

•Idea della massa dei neutrini suggerita per la 
prima volta da Bruno Pontecorvo

•I Neutrini si propagano (evolvono) come 
sovrapposizione di autostati di  massa: 
MESCOLAMENTO

I Neutrini Interagiscono
(Produzione o Rivelazione) come 
Autostati dell’Interazione Debole
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|νe> = cosθ |ν1> + sinθ |ν2>

|νµ> = -sinθ |ν1> + cosθ |ν2>

θ = mixing angle
Angolo di 

mescolamento

Mescolamento tra neutrini: p.es. due famiglie
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Lm
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2
22 27.1sin2sin1

- Distanza percorsa L=ct (Km)
- Differenza di massa quadra ∆m2 = m2

2 – m1
2     (eV2)

- Energia del neutrino Eν   (GeV)

22Scomparsa/Desappearance

Comparsa/Appearance
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Cross section: σν~0.5 10-38 cm2  ~0.5 10-14 b ~10-15σrad (σrad~10b) 

σrad λrad ∼ 1m ,  σν λν~ 1015 m ~ 100 UA (> sistema solare)

RIVELAZIONE: Interazione Neutrini con la Materia
Cross Section Neutrino-Nucleone
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Esperimenti con Neutrini :
1) Sorgenti (Molto) Potenti

2)Apparati (Molto) Sensibili 
e (Molto) Massivi

Sorgenti naturali: 
Sole, Supernovae, Raggi cosmici

Sorgenti Artificiali:
Acceleratori, Reattori Nucleari
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Cosmic Radiation
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Ascese su Pallone:
Hess 1912 @ 5km

Colhoster 1914  
@ 9km

Millikan scettico sui  “…Raggi … Cosmici”

Raggi Cosmici

A livello del mare :~ 100/m²/s

I Raggi Cosmici Primari
producono sciami di 
secondari in atmosfera

PRIMARI: 
p ~ 87 %, α~10 %,  N~1 %
e ~2 %

γ ~0.1 %, ν~0.1 % ?

SECONDARI al livello del mare
µ ~ 30 %
p, n, ... ~ 2 %
ν ~ 68 %

Composizione dei Raggi Cosmici

Alta atmosfera :~ 1000/m²/s



Flusso verticale di Raggi Cosmici
vs. profondita’ nell’atmosfera

Livello del marePfozter maximum
@ ~ 20 km

Spazio

30

E-2.7 Spectrum

Possible  OriginsPossible  Origins

EECR

GZK cut

1015 < E<  1018 eV
Extra-galactic ?

E < 1015 eV
Galactic

UHECR

1018 < E < 5. 1019 eV
Unknown

5. 1019 < E< 3. 1020 eV
Unexpected

The primary spectrum



Interazione di Raggi Cosmici primari nell’atmosfera

FlussoFlusso di di µµ
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Rivelatori di raggi cosmici

Satellites

Array of particle detectors on ground

Whipple
γ >1 TeV

Compton Gamma Ray Obs.

EGRET

BATSE
γ 0.1-10GeV

KASCADE
p,N  0.3-100PeV

KASCADE
p,N  0.3-100PeVGround based telescopes

looking at light produced 
in atmosphere

Arrays of particle detectors

ground level

top of
atmosphere
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atmosfera

Primary cosmic raysSorgenteSorgente RaggiRaggi CosmiciCosmici::
νν AtmosfericiAtmosferici Proton, He

π
π

π

π

νµ
νe

νµ

e
µ

θ

θ
θ

FlussoFlusso
SimmetricoSimmetrico
Alto/Alto/BassoiBassoi
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SimmetriaSimmetria Alto/BassoAlto/Basso
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The MACRO experiment
1984 : Proposal
1987 : Construction starts

1989 : First Supermodule ON

4/1994 : Full detector ON 12/2000 : Rest In Peace
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Up stop

In down
1) 2)

3)4)

Neutrino event topologies in MACRO

Detector 
mass ~ 5.3 

kton

In upUp throughgoing

Absorber

Streamer

Scintillator
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MACRO Upward throughgoing muons

Atmospheric µ

1/β distribution:

ν−induced µ

40



41

PRESENT EXPERIMENTS

Solar  ν

Luna
Borexino

ν from
Supernovae
LVD
Borexino
ICARUS

Dark Matter
DAMA/LIBRA; CRESST

WARP; Xenon test

ν beam from 
CERN:

OPERA

ICARUS

ββ decay and rare events
Cuoricino
CUORE; GERDA

Fundamental physics
VIP

42



43

Borexino

OPERA

HALL C
HALL B

HALL A

LVD

CRESST   

CUORE

CUORICINO

LUNA2

DAMA/LIBRA

GENIUS-TF

MI R&D

XENON

ICARUS

GERDA

WARP

VIP

LOW ACTIVITY LAB

LISA

BAM - OPERA
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OPERAOPERA
detector: 1.8 kton of Pb sheets and nuclear emulsions in the form
of 230000 emulsion cloud chambers + 2 spectrometers (RPC and 
scintillating fibers)
goal: detection of ντ appearence from the νµ beam from CERN
technique: identification of the tracks from decay of the τ emitted by the
ντ interaction
status: under construction; spectrometers completed
detector should be completed in 2006, ready for the ν beam from CERN
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Yves Déclais 46

Beam events:
~horizontal tracks

Cosmic rays induced events:
Mostly down going
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ICARUSICARUS
detector: 600 t and later 3000 tons of liquid Ar operated as a 
large time projection chamber
goal: detection of ντ appearence from the νµ beam from CERN
detection of solar neutrinos
technique: kinematic identification of the decay of the τ emitted 
by the ντ interaction
status: 600 t detector tested and ready to be installed at LNGS
Installation of 3000 t requires major works at the underground
infrastructure
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ICARUS T600 General layout
Dewar LN2 (30 m3)

Dewar LAr (30 m3)

Passive heaters

Installation in progress in Gran Sasso Hall B, commissioning after 
summer 2007
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LVD Large Volume Detector

2 - 5 SN/century expected in our Galaxy. 
Plan for multidecennial observations

1000 tons liquid scintillator + layers of streamer 
tubes

300 ν from a SN in the center of Galaxy (8.5 kpc)

Running since 1992

SN1987A

Collab.:
Italy, Brazil, Russia, USA, Japan

Early warning of neutrino burst important for 
astronomical observations with different 

messengers (photons, gravitational waves)
SNEWS = Supernova Early Warning System

LVD, SNO, SuperK
in future: Kamland, BOREXINO

1000 billions ν in 20s from the SN core
Measurement of neutrinos spectra and time evolution 
provides important information on ν physics and on SN 
evolution.
Neutrino signal detectable from SN in our Galaxy or 
Magellanic Clouds
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Dark matter search: DAMA
~100 kg NaI(Tl) high purity- ended 7/02

Annual modulation==> evidence for  WIMPS

Final analysis: total 107731 kg⋅d

(Riv. N. Cim. 26 n. 1 (2003) 1-73)

(Large sodium Iodide
Bulk for RAre processes)

New apparatus  - installed 2002 - 2003
~250 kg more radiopure NaI(Tl)

it will offer unique radiopurity, increased mass 
and deep control of the running parameters

NEW R&DNEW R&D for ultimate NaI(Tl) radiopurification started 
towards a possible 1 ton set-up DAMA proposed since 1996

... ... oraora DAMA/LIBRADAMA/LIBRA
Time (day)(P(A=0) = 7⋅10-4)

fitted (all parameters free):
A = (0.0200 ± 0.0032) cpd/kg/keV ;   
t0 = (140 ± 22) d  ;  T = (1.00 ± 0.01) y

6σ
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Laura Perasso -Venezia,XII Neutrino Telescope, March 6, 2007

March 2, 2007 10:12: inside of the SSS 

PC+PPO

water

PC+DMP
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Immagine Neutrinica 
del Sole (da SK)

Fondo:
Radioattivita’

Direzione del Sole

cosθsun

Rapporto:
osservati/attesi SSM 

~ 0.5 
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Il Parco Nazionale del Gran Sasso e 
Monti della Laga, istituito nel giugno del 
1995, e’ una delle aree protette più
estese e preziose d’Europa.

Il Parco, con un’area di circa 150.000 
ettari, si estende in tre regioni (Abruzzo, 
Marche e Lazio) e cinque province 
(L’Aquila, Teramo, Ascoli Piceno, 
Pescara e Rieti). Comprende 44 comuni.
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