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Mappa tri.d-imen_S'i-Q__haIe.. dell'universo

2dF Galaxy Redshift Survey
Goal: 250,000 galaxies mapped

Sloan Digital Sky Survey
Goal: 1 million galaxies
100,000 QSO




« Se guardo il tuo cielo, opera delle tue dita,
la [una e le stelle che tu hai fissate,

che cosa é ['womo perché te ne ricordi
e il figlio dell'uomo perché te ne curi? »

« Eppure ['hai fatto poco meno di Te,
di gloria e di onore lo hai coronato. »

(Sal; 8: 3-6)



Planck:
precision cosmology




First Planck data
October 2009

PLANCK







L'universo 13.7 miliardi di anni fa

AT Ap

~107° —*

T ~2.7252K T p

T =2.7251K

WMAP, 2001

— H,,Q,,Q,,Q.,Q,

Fluttuazioni di diversa
intensita incompatibili
con evoluzione delle
strutture




Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.

el 3D
Fluctuati : )

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

NASA/WMAP Science Team



CMB
last scattering

fraction
of a second

379,000
years

~200 million V&l S 3N
years | §

13.7 billion
years



Reference image
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supernova data -,

—4.4

time (billions of years)

Light curve

light-curve timescale
“stretch-factor” corrected

Type la
Supernovae



THE STANDARD MODEL OF COSMOLOGY

e Atoms make up only e The rest of the matter is

4% of the Universe dark matter, which does
not shine or reflect light
gark ER ergy — Not atoms
B — Cold

— Stable

e Also, 73% of the
Universe isn’t even
maltter

14 July 10 Feng 8



http://map.gsfc.nasa.gov/resources/camb_tool/index.html
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Universo sconosciuto

ordinary
matter

e Quali sono 1 costituenti dell’'universo?

e Che cosa e accaduto nei primissimi istanti?

e Qual e il destino dell’espansione?
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Key Questions of Particle Physics

80T 1/a,
origin of mass/matter or 50
origin of electroweak symmetry breaking 40 -
unification of forces , 30 -

20 -

fundamental symmetry of forces and

matter 0 @ 140,

. ) ) pweealles coleoyal oo
unification of quantum physics and 0100 10° 10"

Lo Wechselwirkungsenergie in GeV
general relativity

mit Supersymmetrie

stars baryon neutrinos

number of space/time dimensions dark energy dark matley

d
what is dark matter }

v

what is dark energy
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The Standard Model

Gravity




4 FORCES OF NATURE

» Gravity

_3 _

» Electromagnetism + Weak 0

Neutron

Proton - 4

Antl
Electron a & meLtrig

7 A

A=

<N

14 July 10 Feng 10



STANDARD MODEL OF
PARTICLE PHYSICS

14 July 10 Feng 11



WHICH PARTICLE IS DARK MATTER?

ELEMENTARY |
PARTICLES Known DM properties

DADXIX (XS oL aioms
20 XDX 5k  Cold

e Stable

T I L4

Three Generations of Matter

The extraordinarily successful standard models of
cosmology and particle physics are inconsistent

14 July 10 Feng 12



WHICH FORCES DOES
DARK MATTER FEEL?

* Gravity « Strong
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WHICH NEUTRINO MIXING ?

QUARKS (CKM) LEPTONS (PMNS)

75° 75°

Experimental  mixing angles between active  are BI-LARGE:

912 ~ 32° 923 ~ 45° 913 < 13°



atura ¢ neutrino




Nuovo Cimento 14 (1937) 171-184

TEORIA SIMMETRICA DELL’ ELETTRONE
E -DEL POSITRONE

Nota di ETTORE MAJORANA

Sunto. - Si dimostra la possibilita di pervemire a wna piend Simmetrizzo-
zione formale della teoria quamtistica dell’elettrome e del positrone fa-
cendo wuso di um muovo processo di quamtizzazione. Il significato delle
equazioni di DIRAC ne risulta alquamto modificato e mon wvi & piw luogo
a parlare di stati di emergia megativa; mé a presumere per ogni aliro
tipo di particelle, particolarmente neutre, Uesistenza di « antiparticelle »
corrispondenti ai « vuoti » di emergia negativa.

We show that it is possible to achieve complete formal symmetrization in the electron and
positron quantum theory by means of a new quantization process. The meaning of Dirac
equations is somewhat modified and it is no more necessary to speak of negative-energy

states; nor to assume, for any other type of particles, especially neutral ones, the existence
of antiparticles, corresponding to the “holes” of negative energy.

September 5, 08 A. Bettini. INFN 7
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Evidence from Heidelberg-Moscow @ LNGS

MT =717 kg y (86% 75Ge)

*1Bi 2 OvER 214R;
b = 0.11 ev/(kg keV yr) before PSA 1\ : B.l
Resolution on 8 years AE = 3.27 keV = z
20 ] -
(\ {\ y 2 \
3 / \ z il /M f
Claimed evidence of O0VBp @ 40 Ak HIY ! 10 z \ ’1 x 1]
Typ=22 54 10%y 3 i Y e/ \\- v | \
M, = 150 - 520 meV AL AR AT A gh L
(as quoted by Fogli et al. hep-ph/0805.2517) ST R NN {115
5 l‘ j "n" k, \_ ) I.l -,: ‘
Expected position of OvBf line well known i BRI } b ”ﬂ
Qﬁﬁ= 2039.00610.05 keV 20000 2010 2020 Ene?g;?ke\f 2040 2050 2060

found @ Q;,=2038.7+0.44 (+2.1 0)

IGEX @ LSC, the other experiment with Ge diodes and similar sensitivity, gives an
upper limit 7', ,> 1.6 10> y

September 5, 08 A. Bettini. INFN 23
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Quale relazione tra if Neutrino ti Majorana e la Dark Ratter 2



VSBL Electron Neutrino Disappearance

MARCO LAVEDER

Padova University and INFN
Ferrara - 26 March 2010
work in collaboration with Carlo Giunti [arXiv:0902.1992]
and with Carlo Giunti & Walter Winter [arXiv:0907.5487]



QUARKS NEUTRINOS

Cabibbo’sangle

COMPLEMENTARITY relation :

O1o ~ 32° BO.s ~13° B9+ 0.5 =45°
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V. Disappearance in Gallium radioactive source experiments

1119 GallexCr1 SAGE Cr -

1.0 -

0.9 -

08 N [} B

p(measured)/ p(predicted)

0.7 1 Gallex Cr2 SAGE Ar

R = wheighted average value of the ratio of measured and predicted 1Ge production
rates (p) :

__ p(measured) __
R = p(predicted) — 0.87 £ 0.05
arXiv:0901.2200[nucl-ex]

Ga radioactive source exp. results may be interpreted as an indication of
the disappearance of 1/, due to active-sterile oscillations!

hep-ph/0610352 Carlo Giunti & ML



am? [eV?]

F Re +°H
[l —— e8.27% C.L. (l0)
f| — 95.45% CL. (20)
| — 99.73% C.L. (30)

Gallium
| — 68.27% C.L. (10)
l| — 95.45% C.L. (20)
—— 99.73% C.L. (30)
107 : FR—— 10 L L
2 10 107 107 107"
sin®29

10
sin?29
[Giunti, Laveder, arXiv:1006.3244] [Giunti, Laveder, PRD 82 (2010) 053005, arXiv:1005.4599]

Amdg > 1eV?

Parameter Goodness of Fit = 0.2%

is OK, but  sin®2¥9, > sin’29;

CPT VI0|atI0n7 [Giunti, Laveder, PRD 82 (2010) 113009, arXiv:1008.4750]

M. Laveder — SBL Oscillations: what to look for? — 5 Mar 2011 — 21/24




Miniboone-v data : Low Energy Excess or ...

events / MeV

200 400 600 800 1000 1200 1400 3000

E [MeV]

arxXiv:0812.2243




V. Disappearance in Miniboone-v data

MiniBooNE-v
bf 5bf |
-- fbe PVQ?Ve Nja
cal
fV NVE —
bf f | |
fv (Pve~>vg Ns: + Ns:) -

events / MeV

200 400 600 800 1000 1200 1400 3000

E [MeV]

Phys. Rev. D 77, 093002 (2008) C.Giunti & ML
A renormalization of the absolute event rate by a constant factor f, (A f, = 0.15) with a

simultaneous disappearance of the 1/, in the beam .
Aconstant P, ., < Am? > 20eV?.



Miniboone-~ & Gallium : Osc vs No Osc

MB-r MB-r+Ga

X2, 272 340
No Osc. NDF 10 11

GoF 0.2%  0.04%
of 1.15 1.15

14

X2, 177 20.1

NDF 9 10
Osc. GoF 3.8% 2.8%
P 0.72 0.83

Ve—Ve

of 1.31 1.24

14

AX%in 2.4

PG NDF 1

GoF 12.4%




Active-Sterile 7, mixing !

e The parameter goodness-of-fit of 12.4% implies that the results of the MiniBooNE
neutrino and the Gallium radioactive source experiments are compatible in the

framework of the v/, disappearance hypothesis.

e The goodness of fit of 2.8% is acceptable and much better than the 0.04% obtained

without 1/, disappearance.
e P, ., = lisdisfavored at more than 3o (the precise value is 99.98% CL).

The large disappearance of v/, found in Gallium and in Miniboone-v data,
may be due to oscillations into sterile neutrinos v/, — /5 Since

® /. — U, transitions are restricted by the results of
CCFR , KARMEN , NOMAD and MINIBOONE ;

® /., — U, transitions are limited by the results of

CHORUS and NOMAD .



Miniboone & Gallium & Reactor : Osc vs No Osc

MB-vr MB-rv+Ga MB-r+Ga+Re MB+Ga+Re

X2, 27.2 34.0 36.9 53.8

No Osc.  NDF 10 11 18 29
GoF  0.2%  0.04% 0.5% 0.3%
o 1.15 1.15 1.15 1.15
of 1.08

i, 177 20.1 31.7 48.9

NDF 9 10 17 27
Osc. GoF  3.8%  2.8% 1.7% 0.6%
Py ., 072 0.83 0.93 0.93

o 1.31 1.24 1.19 1.19

o 1.10

A2 2.4 11.1 8.3

PG NDF 1 2 3

GoF 12.4% 0.4% 41%




Tension between 1/, and V.data

e The parameter goodness-of-fit of 4.1% do not allow us to reject the compatibility of the
data under the hypothesis of v/, disappearance. This results indicate that the possibility
that the tension between MiniBooNE neutrino and Gallium data on one side and reactor

data on the other side is due to statistical fluctuations may be correct.

e The goodness of fit of 0.6% is rather low and it is better than the 0.3% obtained without

V. disappearance.
e I, ., = lisdisfavored at more than 20 (97.04% CL).

e Next we consider a possible violation of the CPT equality 1, —,,, = I’ .5, as a
possible explanation of the tension between MiniBooNE and Gallium neutrino data on
one side and reactor antineutrino data on the other side under the hypothesis of 1/,

disappearance.

e \We quantify the amount of CPT violation through the asymmetry

CPT —
A@@ — Pye_”/e o Ppeﬁpe :



CPTV fit of Miniboone & Gallium & Reactor

£ 99%

X2, =38.3/(26dof) GoF =5.7% AT = —0.16510%




SBL future experiments at CERN-PS beam

detector mass 0.6 kton 1.0 kton
detector distance 850 m 850 m
references C.Rubbia et al. | A. Rubbia et al.
v, CC 720000 1200000
ve CC 18000 30000
stat error 134 173
syst error 360 600
total error 384 624
expected deficit 2970 4950
n. of sigma 7.73 7.93

Event rates presented at CERN workshop "Neutrino detector studies and possible

experiment at CERN PS”, 17-18 march 2010 .
A v, contamination of 2.5 % is assumed here (tagged kaons - F.Terranova private

communication) with a 2% systematic error on the 1/, flux .



The HIGGS BOSON CONDENSATE

1V 13 AR VAVAVAVAVAVAVAVAVAVAVAVAVS

electric force N\ NNV

weak force




Spontaneous symmetry breaking

Vacuum = state with lowest energy is not symmetric

But the theoretical description of the dynamics is symmetric

G. Ingelman: Physics Nobel Prize 2008

15



TEORIA RELATIVISTICA DI PARTICELLE
CON MOMENTO INTRINSECO ARBITRARIO

Nota di ETTORE MAJORANA

(1932)

Sunto. - L'sutore stabilisce equasiond d'onda hngari nell’'energia ¢ relati-

vighicamente invarianii per particelle aventi momento angolare intrinseco
comungue prefissato.

Quando si cercano le soluzioni di (16) corrvispondenti a onde

piane eon massa positiva sl trovano tutte guelle che derivano per
trasformazione relativistica dalle onde di momento nullo. Per que-
ste l'energia & data da

T
(18 . W,= e

. 1
Jr5

Massa dell’ "Higgs” (J=0) = 3 volte la massa del bosone Z(J=1) - 273 GeV !!!



ental Science

the largest and truly global
point in particle physics.
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Higgs sensitivities
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if they are roses they’ll flower...

... ABRIGHT FUTURE for Majorana v physics !!!




Da Sabato 26 marzo a Domenica 1 maggio 2011 -5A1LA DEGLI AFFRESCHI

STUPORE DEL SACRO

Icome delle Grandi feste wella tradizione Hinrgica
ormazgio alPaola Zudd ss, iconografa
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Sabalo Zbmazoe 2011, oxe IS

OILARI DI VISITA:

sab ato pomeriygio 15 - 19
domenicamattina 11 - 12
dom enica p omeri ggio 15 -19

tre altet growned su prenobasions

Incmtrosul tema “Licona della Santa Trinita® con il professor VMadimir felin skdj, teologo oxtodosso
ruzzo, venedi 26 aprile, oxe 20,45

Domenica 1l maggio, are 17, Santa Liturgia slava cattolica crientale e Panichida per Pacola
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cantate al Signore’unicanto di grazie




fa scendere la neve come lana
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“Anche 'uomo di scienza
e chiamato ad esercitare
un suo sacerdozio. Si, in
un certo senso ogni vero
scienziato e un sacerdote:
quel fine che il Signore
Dio ha assegnato al primo
uomo al momento della
creazione [...] ha una
applicazione particolare e
privilegiata per l'uomo di
scienza. Proprio perche
vede meglio e di piu, piu stringente e il suo dovere, da una
parte, di riconoscere, lodare, ammirare, ringraziare Dio nelle
opere della sua creazione e, dall'altra, di fare un uso retto e
responsabile del proprio ingegno e delle conquiste piccole e

grandi che ne sono il frutto. All'Universita di Pisa, 2
seltembre 195




(srazie.





