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L aboratori Nazionali del Gran Sasso

L ocation: Gran Sasso Tunnel (Abruzzi, Italy)
Depth: 1400 m (3800 mwe)

Operating Institution: Istituto Nazionale di FisicaNucleare (INFN)
LNGS per manent staff: 60 (physicists, technicians, administration)
Scientistsinvolved in LNGS experiments. 700 from 24 countries
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(m. 2000)

CERN v beam The LNGS Underground area
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Figure 1.1.1: Sketch by A. Zichichi, 1979
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Astrofisica Nucleare e Subnucleare
( Fisica Astroparticellare/Astrofisica Particellare )
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Periodic Table

Tavola periodicadegli elementi ============>
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Particle Data Group, LBNL, @© 2000. Supported by DOE and NSF




Modello Standard:

FERMIONI

L eptoni e quark
Costituenti Della Materia

FERMIONS

Leptons spin=1/2

Flavor

p_ electron
€ neutrino

€ electron

Mass
GeV/c?

<1x10~8

0.000511

matter constituents
spin = 1/2, 3/2, 5/2, ...

Quarks spin =12

Approx.
Mass

GeV/c2

Electric
charge

Electric

Flavor
charge

U up

d down

muon
M neutrino

ﬂ. muon

<0.0002

0.106

C charm

S strange

e BOSONI
Fotoni/W,Z, gluoni

Portatori di Forza:
Elettromagnetical

tau
T neutrino

tau

<0.02

1.7771

t top

b bottom

force carriers

BOSONS

Unified Electroweak spin =1

Mass Electric

Name

spin=20, 1, 2, ...
Strong (color) spin =1

Mass Electric

GeV/c?

Name

charge GeV/c?2  charge

Nucleare Debole,
Nucleare Forte
(G) Gravitazionale?

Unificazione delle For ze

Electroweak

QED

Magnetism

Electro
magnetism

~ Model
Weak Theor Weak Force
Grand 7% Standard 4
Unification = 75 model
Quantum QCD Nuclear Force
] Super .
Unification C(ealest!al :
Universal ravity :
Ty 1
_ Gravitation Terrestrial :
v Gravity}

time since Big Bang




MODELLO STANDARD : Fermioni (Costituenti) e Bosoni (Mediatori)

Famiglie di Fermioni
| 1 1l

up  +af

charm =23

Bosoni
{mediatori delle interazioni)

Fotahe i
Interazione

elettromagnetica

Interazloneg
forte

— Carica elettrica
Humera di <olar 4l carca
s e Maz=a in MeV
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Interazioneg
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SU(3)e = SU(2) = U(1)y
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KamLAND

Massa dei fermioni:

Quark e Leptoni

V : Massa=0 ?
® N0 Vi

® numero leptonico L
conservato

V: Massa >0 ?
® V. pesante

® numero leptonico L
non conservato




1 gy

Limiti Sperimentali per " ] N
la Massa dei Neutrini ) L
e
(50 anni di misure) ol e
5 H‘ u\q““
io? 1 1xe¥
10® T %\n\&
: M‘\\H
1o° Yy o

(950 13¢0 1970 198p 1330 Zooo
YEAR

Oscillazioni dei Neutrini

-Tdea della massa dei neutrini suggerita per la
prima volta da Bruno Pontecorvo

I Neutrini Interagiscono
(Produzione o Rivelazione) come
Autostati dell'Interazione Debole

V&>, [Vi> , [Vi> =Autostati dell'Interazione Debole
|V1> , [V2>, [v3> =Autostati di Massa (H > Evoluzione 1)

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

MESCOLAMENTO




Mescolamento tra neutrini: p.es. due famiglie

Ve> = €OSO |[vi> + SN0 |v2> 6 = mixing angle
_ Angolo di
V> =-9In@ [v1> + cosH |vo> mescolamento

g

P Am? - L
P =1-9n°28-9n°|1.27 3

- Distanza percorsa L=ct (Km)
- Differenza di massa quadra Am?2=mz;—-m;? (eV?
- Energia del neutrino Ev (GeV)
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Distance from  source {L)

Comparsa/Appearance

a2 ¢

"Appearance Experiments”

see the new neufrino type
in the detector e
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A "Disappearance Experiment” observes
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RIVELAZIONE: Interazione Neutrini con la Materia
Cross Section Neutrino-Nucleone
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Oy ?Ay~1Im , o, A~ 10 m ~ 100 UA (> sistema solare)

Esperimenti con Neutrini :
1) Sorgenti (Molto) Potentl
2)Apparati (Molto) Sensibili
e (Molto) Massivi

Sorgenti naturali:
Sole, Supernovae, Raggl cosmicl

Sor genti Artificiall:
Accderatori, Reattori Nuclear?
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Interazione di Raggi Cosmici primari nell’atmosfera

Cosmic ray

Incoming proton
Cosmic Ray Light
nucleus
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Rivelatori di raggi cosmici

! |
Satellites _&_‘t  wos

:' atmosphere
Ground based tel escopes
looking at light produced
in atmosphere
) ground level S
ST
- o = -

Arrays of particle detectors '




Sorgente Raggi Cosmici: Primary cosmic rays

T

v Atmosferici Proton, He
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The MACRO experiment

1984 : Proposal
1987 Constructlon starts

1989 : First Super module ON

4/1994 : Full detector ON 12/2000 : Rest In Peace
Neutrino event Topologles in MACRO
Up th(oughg ing 1& Inup

H H

£ i

Detectcgr3 % \ jﬁ

mais 3 7 * = =t E

ton
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MACRO Upward throughgoing muons

1/f distribution:
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CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN

Excavated

e
ntract)
e T B [ |
SPS tunnel | | protons
= Access galleries

LHC/TI8 tunnel
Target
chamber & Service gallery
LEP/LHC tunnel /

Einns / '

ﬂnnS‘J F

Hadron stop
and first muon detector

S Connection gallery
muons At to TIB/LHC
neutrines 2/

A

Second muon detector i
e

neutrinos 0
to Gran Sasso




V beam from
CERN:

Fundamental physics
PRESENT EXPERIMENTS
Dark Matter

BB decay and rare events

- "

Solar v v from
Supernovae

SN 1998bu




HALL B

Borexino

WARP

LUNAZ2

LOW ACTIVITY LAB

CUORE
CUORICINO

l'otal target ~ 1.8 kton
206336 bncks

_Epectrometer

””n*:*;%% 3] Walls
Tl (ench contaimng
Germany o 28 bneks)
1 bavck e mads of

/57 nselear emulsions and
A6 lead sheets (~ 8.7 kgh

France |

31 walls (brick walls+TT)
+ | spectrometer

OPERA

detector: 1.8 kton of Pb sheets and nuclear emulsionsin the form

of 230000 emulsion cloud chambers + 2 spectrometers (RPC and
scintillating fibers)

goal: detection of v appearence from the v, beam from CERN
technique: identification of the tracks from decay of the T emitted by the
v, interaction

status: under construction; spectrometers completed

detector should be completed in 2006, ready for the v beam from CERN




Collab.:
OPERA ltaly, France, China, Germany,
Belgium, Turkey, Switzerland, Russia,

Japan, |srael, Croatia

L spectrometer

target section

Layers of emulsions and Lead

emulsion Pb

%

L | A A | s
5 ’ | e N | | oF
.- .J_:l.__‘ AL i | =

——ddl
‘_‘_"_\—\_\ 4

2 super-modules 200um | P -
1800 t sensitive mass e

To detect T is necessary a um :
resolution because the t
decays in a really short time

INFN
[
horizantal projection Event Number 709821} TOP VIEW [horizontal projection) et Number 93034
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ICARU S Imaging Cosmic and Rare Underground Signals

| FirstUnit TGOO | | T1200 | | T1200 |

e 2 Collaboration:
Liquid Argon (-176 °C) ltaly, Poland, China

Spain, Switzerland, USA

First half of T600 module successfully operated in Pavia
Expect to install T600 in 2004
T3000 detector proposed as a series of five T600 modules

*Wide physics program
+v_and v, appearance on CNGS
« atmospheric neutrinos
* supernova neutrinos
« solar neutrinos

2R 17
* proton decay JNEN "

ICARUS
detector: 600t and later 3000 tons of liquid Ar operated as a
large time projection chamber

goal: detection of v, appearence from the v, beam from CERN
detection of solar neutrinos

technique: kinematic identification of the decay of the T emitted
by the v, interaction

status: 600 t detector tested and ready to be installed at LNGS
Installation of 3000 t requires major works at the underground
infrastructure




ICARUS T600 General layout

Dewar LN, (30 m3)

Dewar LAr (30 m3) |

Installation in progress in Gran Sasso Hall B, commissioning after
summer 2007

dy of the cross section of nuclear reactions at stellar
ergies

particular for pp chain 2 accelerators: 50kV - 400kV
pp chain 400 kV accelerator

"N(p,y)'60 (CNO cyclei

Collab.:
84.7 % 13.8 % Italy, Germany, Hungary

USA, Portugal
ol

"He +'He — o + "p ) | *He +*He p> 'Be + Y

378 % Oz b
"Be+e™— "Li + Y +V, Be+p—->B+ vy
CrEvram ¢

50 kV accelerator
3He(3He,2p)4He - D(p,y)*He

e



Collab.:
Italy, Brazil, Russia, USA, J
LVD L arge Volume Detector aly, Brazil, Russia apan

Running since 1992 E '

1000 bhillions v in 20s from the SN core

Measurement of neutrinos spectra and time evolution

provides important information on v physics and on SN
evolution.

Neutrino signal detectable from SN in our Galaxy or
Magellanic Clouds

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

1000 tons liquid scintillator + layers of streamer
tubes

astronomical observations with different
messengers (photons, gravitational waves)
SNEWS = Supernova Early Warning System
LVD, SNO, SuperK
in future: Kamland, BOREXINO

A 51
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Dark matter search: DAMA

~100 kg NaI(Tl) high purity- ended 7/02

0.1

5 U eld el T > Vo |V 1> «Vise VI > . :
%:005:— . e - - | Annua modulation==> evidence for WIMPS
fi': UE /j\ 0N 1?‘}‘?:’%] A1 Jﬁ,\hﬁk x}{‘\ Final analysis: total 107731 kg-d
3 FIMLY WY R |
ﬂ 015 L e fitted (all parameters free): -

T R~ -~ A = (0.0200 + 0.0032) cpd/kg/keV |

500 1[|m|]||me (asegﬂ} D i tp=(140£22)d ; T :[()1.0018.01)y
New apparatus - installed 2002 - 2003

... ora DAMA/LIERA ~250 kg more radiopure NaI(Tl) S

L | .. :
Bu?lrﬂ%foxrrz pc:::) it will offer unique radiopurity, increased s

and deep control of the running parameters

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




DAMA cow;
ltaly, China, Ukraine

Dark Matter Search

Detection of WIMPs (Weakly Interacting Massive Particle)
through the flash of light produced by a lodine nucleus
recoiling after having been hit by the WIMP.

DAMA looking for annual modulation with 100 kg Nal(TI)
DAMA/Nal-1 to -7

> Residuals of the rate vs time and energy Riv. N. Cim. 26 n.1. (2003) 1-73
P Acosk (1-1,)] ; continuous lines: ¢, = 152.5d. T= 100 ¥

= M. i o TIH T aef ¥ P [ ¥ Fo aviTae- Vi1 de i 5

%“ L ! ! 1l s

a%ﬁ- M

. | Pl e
g_,,, . S ALY JI0 B, | | PR SN D U S N z.u.!
* s00 [ (£ won o am0e b
lime (day) e

fitted: A= (0.0233 £ 0.0047) cpdikgkeV fitted: A = (L0210 + 0. ||um)qn|a1. flnv '““" [d“"

- . | i
2.6 keV E J‘—I 9 d—ll—id— m —u—l\'—u— Vo 4—'I||-|-— ?(Il‘:-‘b P(..—\.=DFT'|“"
3 ooss N b doETII
- j d
L) /"\ !'5\ HI /_\l -J‘"’\ ] m LA fieds A = (0.0192 £ 0.0031) ¢ keV
2 0" -a” u { NZTR qj W' pd/kg!
o 1 h H
F-os. i i i | i fitted (all parameters free):
E - i | | A =(0.0200 + 0.0032) epdrkgkeV
BT T [EL] i Zaim 6 =(140£22)d ; T=(10£0.01)y
Time (day)

The data favor the presence of a modulated behavior with proper
features at 6.36 C.L.

53

Collab.:
Italy, Germany, UK

CRESST

(Cryogenic Rare Events
Search with Superconducting Thermometers)

4 sapphire crystals= 1 kg

WIMPs search with cryogenic technique (running at 15 mK)
Looking for a very tiny temperature increase in the detector

due to the energy deposited by nuclei hit by the WIMPs

Run until 2005

)
INFN




B3 decay

Bdecay n-—>p+e-+v

2B0v is a very rare decay: T(half life) = 10-2° years)

neutrinoless experiments

— - Upper limit on the MIBETA (Milan)
M= fv. 039 eV 20 detectors of natural TeO,
HHass Of ¥y ¥ ¢ crystals

Majorana neutrino

130Te mass = 2.3 kg

Heidelberg-Moscow
11 kg of enriched "®Ge detect.
The most sensitive experimen

CUORICINO
Sensitive 130Te mass = 40 kg
Status: running

tin

the world
5Ge -->765e + 2e-

Germany, Russia 130Te mass = 250 kg

CUORE
Collab.: proposal presented in 2003

Collab.:

GENIUS-TF

Test facility for GENIUS
40 kg HM Ge

GENIUS (project)

Sensitive mass: 1 ton enriched Ge

crystals in Liquid N,
Status. Experimental
tests requested (GENIUS-TF)

ltaly, Netherland, Spain, USA

Goals: measurement of the
interaction rate with an accuracy of
4-5% and monitoring the neutrino

flux

101 tons Gallium Cloride so
"Ge(v,e)’1Ge

Energy threshold > 233 keV
Sensitive mainly to pp -neu

Collab.:
Italy, France, Germany

over a complete solar cycle.

FLUXO (LOGARITMIC SCALE)

lution

SSM = 115 -135 SNU
trinos

T
GALLEX

TiI _____ e R s S
1992

GALLEX 65 SR TI1.5 +— 6.2 (stat) +— 4.5 (sys) SNU

GNO 43 SR 65.2 +— 6.4 (stat) +— 3.0 (sys) SNU

GNO+GALLEX 108 SR T70.8 +— 4.5 (stat) +— 3.8 (sys) SNU
56




BOREXINO

300 tons liquid scintillator in a nylon bag
2200 photomultipliers
2500 tons ultrapure water

Energy threshold 0.25 MeV
Real time neutrino (all flavours) detector

Measure mono-energetic (0.86 MeV) ’Be neutrino flux
through the detection of v-e.
40 ev/d if SSM

18 m diam., 16.9 m height
Borexino Desion oo 1o cw pure Sphere 13.7 m diam. Supports the POM:

O (00 with light collectors 2
[ onelrearss optical concentrators

Muan wein

= 2 it Space inside the sphere contains purifie

poiming PMTs
oven Purified water outside the sphere

_ Mglom Him
Rr barrier

Sainless Steal
Sphems 13.7m & 3

dylon Sphare
86m &

running in 2005

Collabh.:
Italy, France, USA, Germany,
Hungary, Russia, Belgium
j{ Poland, Canada
bt
5,
\\. LI—:ak:lingStungu o I ?
" Siminiecs Stesl Water Tark Sresl Shieldirg Flates i
A8m & Ermx Brmx 0cm and dm s dmox dom -

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

photo: BOREXING calibration

Laura Perasso -Venezia, XIT Neutrino Telescope, March 6, 2007




CUORE Site in Hall A at LNGS

Feb. 2006
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Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000
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Gran Sasso
rnn_@_? della Laga

Parco Nazionale

I Parco Nazionale del Gran Sasso e
Monti della Laga, istituito nel giugno del
1995, e’ una delle aree protette piu
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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