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FERMIONI

Modello Standard:

Leptoni e quark
Costituenti Della Materia
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Unified Electroweak spin = 1
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MODELLO STANDARD : Fermioni (Costituenti) e Bosoni (Mediatori)
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Massa del fermioni:

Quark e Leptoni
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Oscillazioni dei Neutrini

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

I Neutrini Interagiscono

(Produzione o Rivelazione) come
Autostati dell'Interazione Debole

Ve>, V>, | V1> =Autostati dell'Interazione Debole

V1>, Vo>, |[V3>=Autostati di Massa (H 2 Evoluzione 1)

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




Mescolamento tra neutrini: p.es. due famiglie

ve>= c0s0 [vi>+ smn0 |vo> 0 = mixing angle
Angolo di
V> = -s1no |vi> + coso |vo> mescolamento
o AmPL
P, =1-sin°26-sin°|1.27 =

- Distanza percorsa L=ct (Km)
- Differenza di massa quadra Am?=m;?—m;?> (eV?)
- Energia del neutrino Ev (GeV)
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Comparsa/Appearance
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"Appearance Experiments”

see the new neutrino type
in the detector e

.-——'-""'"-L-"‘""—'—--

A "Disappearance Experiment” observes

fewer \Y; \/ u
| than expected
.—--"'"'—-L-'_'_‘—‘—-—-—..

%%%ﬁfu

Scomparsa/Desappearance




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



Fisica Nucleare e Sunucleare = Astrofisica Nucleare e Sunucleare
Acceleratori Terrestri Acceleratori Cosmici

Active Galactic Nuclei ;.,_.7?"". 4

“

Binary Systems

.SuperNova
% - Remnant

Diametro dell’acceleratore

LHC CERN, Geneva, 2005 O

O Saturne, Saclay, 1964

(D  Cyclotron Berkeley 1937

Energia delle particelle accelerate



Astrofisica Nucleare e Subnucleare

( Fisica Astroparticellare/Astrofisica Particellare )

ASTROFISICA
Fisica NUCLEARE _
Nucleare Astronomia
E SUBNUCLEARE

e Subnucleare

Astrofisica e
Cosmologia
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Laboratori Nazionali del Gran Sasso . A [ZL""“M:;:‘:;Z::“:"E;t:

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

Operating Institution: Istituto Nazionale di Fisica Nucleare (INFN)
LNGS permanent staff: 60 (physicists, technicians, administration)
Scientists involved in LNGS experiments: 700 from 24 countries

i The area of Campo Imperatore
(m. 2000) above LNGS




CERN v beam The LNGS Underground area

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

Surface: > 6000 m?
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VIA LATTEA: La nostra Galassia




Galassia
Spirale
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Struttura Stellare

Pressione
 lenmica







Evoluzione Stellare




Forms in
Dust& Gas
Cloud

Burns Hydrogen
for 50 Million Years Becomes Red
SuperGiant Star for
1 Million Years




Supernova

Campo della
supernova SN1987A
Dopo del 23 Feb.1987.

Grande Nube di Magellan:



Cassiopela A

Supernova
esplosa circa

=

250 anni fa.

mmagine
A0




Cassiopela A




La nebulosa del Granchio (Crab Nebula)
Supernova osservata dalla Cina nel 1054

Infrarossi” " Ottico



Scale Astronomiche Gruppi di Galassie

e .

- —

.

HAUFEN &

c348 o
SA - - a2

. URSA MAJOR |- 23

;f SEMINI / PFGMU;\ \"'\.I
Galassie A T

. PERSEUS *
.

COMA i BOREALIS |
| g *e = a | o
| e | 0
| bt 1 HERCULES | |
| LED \ VIRGO | .
| o \ / |
. h | ! /
\
ANDROMEDA -\ \ /
: \ {SHANE
I %, — P /b
+ Y, — y
! 75 megaparsecs A
2 o \ p
URSA MINOR o Vs
DRACO 1239 /,/
™ -
s =150 megaparsecs

150 kiloparsecs

Stelle

e
4 .
- E - / GALAXY \ \II
— T & | -
R e ° 150 M
20 | . HE FURNJ\I\: MAGELLANIC pC
. 3ne « CLOUDS
i@ P SCULPTON S
FROCYON —— 286 & ERIDAN! =
y . 45
39/ - SIRIUS | ™. 34
40 / 15 Noe
|."I ,."{ e | _._-\-F!I‘. w“-_l - "‘. g5 -_—
/ ! ‘\\ 7 4T CETI \ # 300 kiloparsecs
/o5 o 26 |
I I ".lql | " y 'y |I ~ )
* é?l IZ" / SN "-.I 117 28 B 450 kiloparsecs
7 N S — ' * 2l gp T
[27 | + @ ] |.9 29

|
j

|
|I lII 2 ! |.' |.B I'
".. '\.xu CENTAURI ™. _ / f." u ."Isa
ot e 450 K
) .  BARNARD'S £ wor . p

as \,1 \\\ STAR SII:; :‘!I
™ "~ 8 CYGNI
™, I ___'----’"f 3z
™~ 16
\\ 25
Ty T

._‘_3.3 __ ﬂL'IgIR
36 a2

4.5 pc 1 pc (1 parsec ) = 3 anni luce



l,‘ o Y : ‘ .;'
. ’ .'.
& '
- . -
. ‘
~ s ;
..
£ c LT
¢« 5
.
.. _._
s
l -
. .
5 -
‘r
» O ~ » ‘
' . -,
“\ ..‘ - ,
l' - .
- - ) h
- 2 .
\ - .
\
v 2
-
"
. .. . -
>
B : .
- - * -
-
' .
'
-
\ ’

- o
A
.

. s o
4 ~
-

-
. >

.
. .
-
/
»
-
-
7 -
.

\ -
oAk
)
. -
. ~
-
.\ s
' .'_.
.
"\
/‘ .
- .
.
’



Gruppl (Cluster) di galassie

circa 50 volte le dimensioni della Via Lattea.

7\
Abell2218

Archi
effetto di lente

gravitazionale su
Immagine di galassie
piu’ distanti.

. '







Cosmologia

Velocity [kmisec]

Mt. Wilson
100 Inch
Telescope

Espansione dell’universo

igooo -

oo m

Qooo -

0

0 100 200 300 400
Distance [Mpc]

Velocita’ delle galassie
proporzionale alla distanza:

V=HTr

H ~ 70 km/sec / Mpc

500



10 m 105 m

10" GeV 106 GeV 102 GeV 1 GeV 1 Mev

ﬁ

3000 K

1010 K |.-

. Equilibriodinep
Poi Nucleosintesi

Formazione degli atomi neutri
e ’universo diventa
trasparente alla luce

T (K) ~ 1019/¢% (s)

Temperatura dell’universo

nuclei atomi

Big Bang 1oos

—

300000 anni tempo dopo il big bang



Nucleosintesi primordiale

Deuterio = il primo passo necessario per la nucleosintesi

2 o
oy W
/ % —;§3 / %{t\ &

( Poi difficile per problemi con masse da 5 e 8 nucleonti)



Produzione di altri elementi nelle Stelle

Ciclo PP : stelle meno calde

Ciclo CNO : stelle piu’ calde

— \1 7 Mev &%
1|p-p reaction o™ .
vy * . * + .f.a -
1y 14 H Electron .42 MeV ot .
i 1 {max) ., e
But one time in 400:  "7===~ _
2| "pep" reaction v ' "1
s t@+ (0 —06e+ @ e
H H 1ztl.| 1.44 May -:' .- .
y 20\ [0
- . (“
—— /O s =
3 v °
e 4+ . — + @ @ e Sy O Msx‘.\
i i He (7)) photon
© neutrino

log[(foX?) i m’ Wy’ ]

1 1
0 3 10 15 20 23 30 35
Tg(K)



N Periodic Table
w=| of the Elements [

Orlglne Eﬂtﬂdnﬂdrﬂhﬂiﬂtﬂdﬂtﬂtﬂm

. Aclﬂm

—— Big Bang Nucleosintesi

— Stelle calde

Cosmic Abundance

__— Esplosioni di Supernova

Interazioni con raggi cosmicl



Prima: Universo Opaco

protons '/' >
E R w sOurce
f

-elem{‘
\ observer 3 \ ‘(;f‘
\ ' « Free electrons »

T >3000 K Before recombination

T==3000 K

L ]
*
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i
q . J
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t E > -

Hydrogen atoms

Hydrogen Atoms

Dopo: Universo Trasparente






Penzias e Wilson : Scoperta del
Fondo Cosmico a Microonde
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log[Fiux/(erg cm 2s'sr™")]

Cosmic Radiation

log(E/eV)
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Multi-Wavelength Photons

Radio Radio télescope
de Bonn

Infrared Satellite
COBE

Télescope du
Mont Palomar

Visible light

Satellite

X-ray INTEGRAL

Satellite

Gamma Ray [Ea==——
‘ CGRO




Cosmic Microwave Background Radiation

Microwaves: 31.5 GHz

53 GHz

Temperature variations: — 100 uK 'HEE=E + 100 uK



Cosmic Microwave Background

temperature variation

N | 0.2 0.0 02 04

0.5G0 0.500mK
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Analyse angular distribution to see typical variation scale



Fluttuazioni di CMB
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Rotazione delle Galassie

velocity, v
radius, r

observed

expecied
from
luminous disk

R o
— .

Gravity: -
G M(r)/ ré =v2/ r . P—r—
enclosed mass: R R (kpc)
M) =ver/c [ .

e - M33 rotation curve

Luminous stars only small fraction of mass of galaxy



Espansione dalle Supernova la
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redshift — recession velocity



Composizione dell’universo

Materia normale: 5%
Materia = 1/3
Materia oscura: 30%
Energia Energia oscura; 65%

Oscura = 2/3



-Neil Calder, Stanford Linear Acceleraig '_._ ac

*View a visualization of the event

-mov .avi



mailto:neil.calder@slac.stanford.edu
http://www.slac.stanford.edu/
http://www.nasa.gov/home/hqnews/2006/aug/HQ_06297_CHANDRA_Dark_Matter.html
http://chandra.harvard.edu/photo/2006/1e0657/media
http://www.slac.stanford.edu/~jwise/research/movies/HiResBullet.mov
http://www.slac.stanford.edu/~jwise/research/movies/HiResBullet.avi




Difference between observed

Rag g I COS m I CI Altitude ionisation and that at sea-level
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Galactic Cosmic Rays
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Composizione del Raggi Cosmici

PRIMARI: 4 p
D ~ 87 %, a~10 %, N~1 %
e~2%
y ~0.1 %, v~0.1 % ?
Alta atmosfera :~ 1000/m2/s £

: T _ < n
I Raggi Cosmici Primari
praducono sciami di : V
secondari in atmostg : ' i

: \

SECONDARI al livello del mare
n ~30%
‘ g 2 > p,N,..~2%
~ Alivello del mare : v ~68 %
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Charged Cosmic Ray Energy Spectrum
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The primary spectrum

Possiple Origins
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Acceleratori Cosmici: ( Hillas Plot)

Crab Pulsar
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Interazione di Raggi Cosmici primari nell’atmosfera
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Figure 6.3: Relation between muon intensity and depth underground. The
data are taken from a summary by Crouch (1987) with the addition of recent
data from the Frejus experiment (Berger et al., 1989 — filled squares).
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Rivelatori di raggi cosmici
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| vertical intensity relative to surface
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SK: Zenith angle distribution
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The MACRO ex?eriment
1984 : Proposal 1989 : First Supermodule ON
1987 : Construction starts

o Ve e LRY
- g
e Br—
“ .
gl )

- ad‘ S -lv 'i'

., W
Aﬂbqb‘aﬁ’di‘ﬁk

1994 : Full detector ON 12/2000 : Rest In Peace




Neutrino event topologies in MACRO
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CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN Access shat

LLIN

SPS/ECA4

P Excavated

I Concreted
I Decay tube

(2nd contract)

£06 /2003
CERN-AC-DI-MM




VY beam from
CERN:

Fundamental physics
PRESENT EXPERIMENTS

BB decay and rare events -
i

SHIETERY v from
Supernovae \-

Dark Matter

SN 1998bu
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The OPERA Detector

I'otal target — 1.8 Kton

206336 bneks

_-Spectrometer
”“»::*e;,f,% 3] Walls
el (each contaming
Ger many = - 3328 bncks)

1 briek iz made of
/ 87 nuclear emulsions and

SM2

- b 56 lead sheets (~ 8,7 kg)
Franco
SMI
31 walls (brick walls+TT)
+ 1 spectrometer
OPERA

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 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



http://operaweb.web.cern.ch/operaweb/help/opera_start_files/image001.jpg

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

Japan, Israel, Croatia

L spectrometer

target section

Layers of emulsions and Lead

emulsion Pb

200/.‘/77

2 super-modules

1800 t sensitive mass

To detect t is necessary a um
resolution because the 1
decays in a really short time

tau decay

)
‘INFN
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I CARU S Imaging Cosmic and Rare Underground Signals

First Unit T600

T1200

T1200

Liquid Argon (-176 °C)

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
» proton decay

Collaboration:
Italy, Poland, China
Spain, Switzerland, USA

17 m




ICARUS

detector: 600 t 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



http://www.lngs.infn.it/site/exppro/icarus/T600_photo_gallery/pages/Fig_b_half_module.htm

ICARUS T600 General layout

Dewar LN, (30 m3)
Dewar LAr (30 m3) |

Installation 1n progress in Gran Sasso Hall B, commissioning after
summer 2007




L U N A Laboratory for Underground Nuclear Astrophysics

Idy of the cross section of nuclear reactions at stellar
2rgies

articular for pp chain 2 accelerators: 50kV - 400kV

pp chain 400 kV accelerator

“N(p,7)'®O (CNO cycle

Collab.:
d+p— 3'He | olla |
13.8 % ltaly, Germany, Hungary
: d-

USA, Portugal

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




Collab.:
Italy, Brazil, Russia, USA, Japan
L \' D Large Volume Detector aly, brazil, Russi| p

Running since 1992 §

1000 billions 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

SN1987A

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

A )?/ - Early warning of neutrino burst important for
g " astronomical observations with different
WA R - messengers (photons, gravitational waves)
IR e s SNEWS = Supernova Early Warning System
| LVD, SNO, SuperK
in future: Kamland, BOREXINO




Dark matter search: DAMA

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

~ 01— : - :
z “l3 el TV V5 Vi VIl 5 ) _
& o Lo | - P L Annual modulation==> evidence for WIMPS
i Final analysis: total 107731 kg-d
&
2 ( )
=
:U .
3 r 1 [ 4 | . : TN fitted (all parameters free):
-0.1 500 1000 1500 2000 2500 A =(0.0200 + 0.0032) cpd/kg/keV ;

t,= (140 £22)d ; T=(1.00 £0.01)y

New apparatus - installed 2002 - 2003
>- oral DAMAVIEIBRA ~25OP g more radiopure NaI(TI)g

(Large sodium lodide . . . . . .
Bulk for RAre processes) it will offer unique radiopurity, increased
u p and deep control of the running parameters

11me (day)
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NEW, R&b for ultimate Nai\fTi) r'adil?fur'ificafion started
DAMA

towards a possible 1 ton sef-up proposed since 1996



DAMA o
Italy, 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 1.1, (2003) 1-73

Acosi (141)] ; continuous lines: ¢, = [525d. T=1.00 y
2-4 keV 2-5 keV
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fitted: A = (0.0233 4 0.0047) cpd/kgkeV fitted: A = (L0210 + 0.0038) epd/kg/key Time (day)
2 S M el Bl e (vl dvieVul
2.6 keV e C i i i I PA=0FT-10+
g‘ i g ot=T1/37
& 37{5 fitted: A = (0.0192 = 0.0031) epd/kg/keV
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g-00s. i i i - fitted (all parameters free):
$ _F s s f A =(0.0200 +0.0032) epd/kgikeV
L T — Zon e : t,=(140£22)d : T={lmt0.01)y 250 I‘g hla“II)
Time (day)

The data favor the presence of a modulated behavior with proper
features at 6.3 C.L.



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

M
(mm



B decay neutrinoless experiments

Bdecay n-->p+e-+v

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

T = Upper limit on the
B mass of v, 0,39 eV

Majorana neutrino

Heidelberg-Moscow
11 kg of enriched "®°Ge detect.
The most sensitive experiment in

the world

76Ge -->76Se + 2e- Collab.:
Germany, Russia

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)

MIBETA (Milan)

20 detectors of natural TeO,
crystals
130Te mass = 2.3 kg

CUORICINO
Sensitive 130Te mass = 40 kg
Status: running

CUORE
proposal presented in 2003

130Te mass = 250 kg Collab.:

Italy, Netherland, Spain, USA




GNO Collab.: ST
Italy, France, Germany

Goals: measurement of the 3 ’/,f\

interaction rate with an accuracy of ;‘f 0 B/,M?m

4-5% and monitoring the neutrino g 7 o

flux over a complete solar cycle. 8. ==l H— \

g‘) I = = \\

101 tons Gallium Cloride solution R ol “.\
"Ge(v,e)"1Ge T
Energy threshold > 233 keV SSM == 115 -135 SNU | weumno encror wow
Sensitive mainly to pp -Neutrinos pywm e g o

GALLEX

|

,.1 Np+ GaCly || H0 3040 :_ ’ :
—+ : P = 5
r_—ll f__j T:_j“r !..“ 2-:-"‘:] :_ —— ...................
3 : 1 200 |
__ — 150 E 1 i . Y . OO . SR Y
100
GaCl, 54 E— = -----------------
+ - i
Hel 0 B B iRl VRS e el 1R A TP Rl e, N R e
{54 mY - i
—50 —
4 —10d :—. """ R T T f B ] B ] B N e e
o o - — - = o o
S 1992 1994 1996 1998 2000 2004
® o
o ‘??e’ rg ?"&?:—J rear
e - GALLEX 65 SR 77.5 +- 6.2 (stat) +— 4.5 (sys) SNU
= /' GNO 43 SR 65.2 +— 6.4 (stat) +— 3.0 (sys) SNU

GNO+GALLEX 108 SR 70.8 +— 4.5 (stat) +— 3.8 (sys) SNU



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
Boreximo Design ..o Sphere 13.7 m diam. Supports the PCM:

F (1800 with light coliscors
e

Stainless Steal

A 18I 0 Ik Rk ey optical concentrators
g B Space inside the sphere contains purifies

Purified water outside the sphere

(“fiducial volume

_ Nylan fiim
Rr barrier

running in 2005

Scantallator
otk Collab.:
s R Italy, France, USA, Germany,
) S e S Hungary, Russia, Belgium
? Poland, Canada
‘. ? k -,j
: “— Hekding Strings INFN

Y
S Swminless Steel Water Tenk  —— Sesl Shieidirg Plates
18m & Emix Brmx 10cm ot 4n x dmx daem L



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

photo: BOREXINO calibration

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



CUORE Site in Hall A at LNGS

Feb. 2006

Mar. 2006

Nautnno 2006
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Tolal Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000
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oS Transnational Access to LNGS

ccoss to Research
Infrastructures

GS has been recognized by EU as a European Large Scale Facility
ontract between EU and INFN funds access to the LNGS facilities for EU researchers
rt of the contract: December 2002; duration 28 months

» 17 research Projects in the sectors

» 1020 Person-days delivered (July 2003)

880 person-days allocated
900 person-days available
55 scientists from 10 different

untries are accessing LNGS through
RI

re than half of them are new users

Low background instrumentation
Accelerator facilities (LUNA)

Cryogenic facilities

Computing facilities

Geophysics and environmental physics

Bielarussia- [ inland

Germany

France
Poland

Users




Visits at LNGS

Since 1990 it is possible to visit the Lab.
The number of visitors has increased during the years.

17,000 in 2003 80% are students
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Trainin

Outreach

Anno scolastico

n T/T./T\r 2002-2003

| Laboratori Nazionall del Gran Sasso dell INFN in colloborazione con I'AIF - Associozione per |'Insegnamento
defla Fisica - Sexicos di UAgudo bandiscono, pee 'onno seclastico 2002:2003, 1|

CONCORSO: “ANCH’IO SCIENZIATO...”
riservolo agh studenti delle Scuole Elemeniuri, Medie & Superiori di Abruzzo & Moliss.

INSTRUMENTS corwdory o st & =
ﬂ wWwWW.INGS.infr.it s concorso: 0862 437208
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Gran Sasso
Monti®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.









