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Pilastri della creazione: Nebulosa della Carena
(luce visibile)
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Pilastri della creazione: Nebulosa della Carena
(luce infrarossa)
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® |’Universo visibile:

® su larga scala ci appare omogeneo ed isotropo

® |e galassie lontane mostrano una velocita di
recessione direttamente proporzionale alla
distanza (legge di Hubble)




EXPANSION

dalla relativita generale




Open Universe - continued expansion

Radius of the Universe

Flat Universe - expansion but slowing
Closed Universe - the Big Crunch

Time since the Big Bang

il destino dell’Universo
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standard

Supernovae come candele



La misura contemporanea di velocita e distanza, per galassie a distanze diverse molto lontane nel passato,
permette di misurare il tasso di accelerazione dell'Universo, e di predirne I'evoluzione futura!

RELATIVE BRIGHTNESS OF SUPERNOVAE ~ Fternal expansion
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Un’altra finestra sull’Universo primordiale: la
radiazione cosmica di fondo

Big Bang

We can only see

the surface of the

PRESENI Ll:lud where \.]gb-t
13.7 Billion Years was last scattered
after the Big Bang

The cosmic microwave background Radiation’s
“surface of last scatter”is analogous to the
light coming through the clouds to our

eye on a cloudy day

Fossile delle
fluttuazioni
quantistiche 103
secondi dopo il Big
Bang, congelate dopo
'inflazione e manifeste
nelle fluttuazioni di
temperatura
nell’Universo






Dark Energy

Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.
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about 400 million yrs.
L Big Bang Expansion K
: 13.7 billion years :

Storia dell’Universo



History of the Universe
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Dark Matter + Dark
- Energy = Double




Big Bang DataAgrees with Double Dark Theory!

Angular Scale
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La distribuzione della Materia conferma la teoria ACDM
a tutte le scale

Cluster
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clumping
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Convergenza cosmica:
il parametro di densita ()

Supernova Cosmology Project
Suzuki, et al., Ap.J. (2011)

No Big {1}

Dalle osservazioni:
Radiazione cosmica di fondo
(CMB) Compiiion
Struttura su grande scala dei
cluster di galassie (BAO)

Supernovae (SNe)
U

due componenti principali




Neutrinos Dark Atoms
10 % Matter 4.6%
63%

Dark

Photons Matter
15 % 23%

Atoms

12% . . .
’Universo all’eta ’"Universo

di 380000 anni oggi

Il contenuto dell’Universo




Formazione delle strutture: simulazioni N-body

Springel et al. 2005
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Distribuzione
delle strutture:
su larga scala




One is only micrometers wide

nage of the unverse pther the 35t the surpnsingly similar patterns 1c DAVID CONSTA) L

-

Mark Miller Virgs rilss

Mark Miller, a doctoral student at Brandeis University, is researching how particular types of An international group of astrophysicists used a computer simulation last year to recreate
neurons in the brain are connected to one another. By staining thin slices of a mouse’s how the universe grew and evolved. The simulation image above is a snapshot of the
brain, he can identify the connections visually. The image above shows three neuron cells prasent universe that features a large cluster of galaxies (bright yellow) surrounded by
on the left (twe and one yellow) and thair connactions thousands of stars, galaxies and dark matter (web)

Sowee. Mk M, Brandes Universty, Yingo Consortum or Cosmological SUpercompuley Srutadons. mww. vsu Complenty. oo




Observational evidence for DM

Structure Supernovae
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MATERIA OSCURA : evidenze dinamiche

Consideriamo una patrticella di prova orbitante attorno ad una massa M

sarax mv< _ GmM =G
M- d (l (12 d
e
y La misura di velocita di un corpo rappresenta una stima

della massa a cui e legato

" Mercury
SOl r System

» Applicazione “semplice” :
velocita dei pianeti nel sistema solare

. venus
- Earth
. Mars
Jap ter
Saturr

orsral volooity (bewsec)
3

: .
b T e Neptune g,

W 2 0 @ %
mean disterce from Swn (AU)

» Applicazioni generali :

COMA =~ 70 Mpc

- Curve di rotazione delle galassie

- Distribuzione di velocita delle galassie negli ammassi
F.Zwicky Helv.Phys.Acta 6(1933) 110
- Emissione termica di gas galattico / intergalattico

» Conclusione:.
materia oscura > 10 volte la materia luminosa

B. Bertucci
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MATERIA OSCURA : evidenze dinamiche

- Curve rotazionali delle galassie

!

,'2_ (r'\}":l)
I . 3
: 10 HUGS
Cosa Cl'aspettla.mo In maniera naif “ M33 Rotation Curve
Dove c’e luce c'e materia :
Perr<R :p(r)=cost >R: p(r)=0 Osserviamo: M(r)oc r |
M(r) o r M(r)=cost [:> p(r) 1/r
v(r) o< r v x 1/r12 v(r) = cost

C’e un alone di materia oscura che si estende ben oltre i pochi Kpc del disco, ma
non e chiaro quale debba essere il suo profilo perr 20 e per r->x

B. Bertucci 27



Dark Matter in the Milky Way
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L. Baudis




Lensing
gravitazionale
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DIRECT EVIDENCE FOR THE EXISTENCE OF DARK MATTER'
Dongias Clows”

Asrmony Goszar ez
Deperiment of Astronons. Universy of Flonda, 211 B Space Samce Comter, Gamanvilie, FIL 32611 084

AND

Maas Maksrviron
Harvand- Sostheosan Conter Sor Asooplnscs 00 Ganden Stroet. Cabradge, MA 021 3%
Recetvad 205 Ovwolbar 28 avcqpind 203 Dvcemier 1

ABSTRACT

We present 3 weak-lensimg mass reconstucton of the mnmeracting clusier 1E 0687 - 258, in whch we detect
both the main chaster and a subcluster. The subcluster s wentified as @ smaller cluster that has just undergone
intaal il and pass-through of the prmary cluster and has been previously identified in boeth opiical survess
and N-ray studics. The N-ray gas has boen separased from the galaxses by ram prossure-stmppimg Quning the
pass-through. The detecied mass peak is located between the X-ray peak and galaxy concentration, although the
position is consistent with the galaxy centrosd within the enrors of the mass reconstraction, We find that the mass
peak for the man clusier 15 i good spatsal agreement with the chaster gataxes and is offset from the N-ray halo at
3 4 o ssgnificance, and we determine chat the mass-to-hght ratios of the two components are consistent with those
of relaxod clussers. The observed offsets of the knsing mass paaks from the peaks of the donmnant visible mass
component (the Xe-ray gas) directly demonstrute the presence, and domimnce, of dark nasier in this duster. This
proof of dark matter existence holds true even under the assumpion of modified Newsomian dysamscs (MONDE
based on the observed gravitational shear-optical light manhos and the mass peak - X-ray gas offscts, the dark
mancs component 18 4 MOND regrmae would have a total mass that s at least equal to the barvonic mass of the

sysicm

Bullet Cluster 1E 0657-558

WEAK-LENSING MASS RECONSTRUCTION OF THE INTERACTING CLUSTER 1E D657~ 55K:

It fr Aswphyshk wd Darsasatrache | oncheng der Unvernsals Boan, Auf doms 10aged 71, S3121 Boms, Genmmy . dclowatas aaons. ol

More
Evidence
Against

MOND

and also against Self-Interacting DM:
Markevich et al, 2004, Ap), 606, 819

In a purely baryonic MOND universe the X-ray and
galaxy centroids woukd still be separsted as the galaxies
are still collisionbess particles in the intersction. How-
over, because the X-ray balo s the dominant mass com-
ponemt of the visthle baryoss in the chluster, w the
absence of o dark mass component the vast majority,
~ K5 = Q0 of the mass of the subehunp wonld be with
the Xeray gis. Thus, any direct method 1o measure the
mass of the svstom would detoet & higher mass abont
the stripped Xeray hado than around the galaxies T
5 not whit 15 observesd in this systemn

L] Ll

salo”

(B X

SN ak lensing mass w} .
: S &) réconstructions: ol | Centroid
& — subclump—__ L of
, cluster subclump
| 1 galaxies
. s’ K
b ] ~ss"s70c" ]
e ), i — st I -
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1E 0657-56

This composite image shows the galaxy cluster 1E 0657-56, also known as the "bullet cluster." This cluster was formed after the
collision of two large clusters of galaxies, the most energetic event known in the universe since the Big Bang.

Hot gas detected by Chandra in X-rays is seen as two pink clumps in the image and contains most of the "normal," or baryonic, matter
in the two clusters. The bullet-shaped clump on the right is the hot gas from one cluster, which passed through the hot gas from the
other larger cluster during the collision. An optical image from Magellan and the Hubble Space Telescope shows the galaxies in orange
and white. The blue areas in this image show where astronomers find most of the mass in the clusters. The concentration of mass is
determined using the effect of so-called gravitational lensing, where light from the distant objects is distorted by intervening matter.
Most of the matter in the clusters (blue) is clearly separate from the normal matter (pink), giving direct evidence that nearly all of the
matter in the clusters is dark.

The hot gas in each cluster was slowed by a drag force, similar to air resistance, during the collision. In contrast, the dark matter was
not slowed by the impact because it does not interact directly with itself or the gas except through gravity. Therefore, during the
collision the dark matter clumps from the two clusters moved ahead of the hot gas, producing the separation of the dark and normal
matter seen in the image. If hot gas was the most massive component in the clusters, as proposed by alternative theories of gravity,
such an effect would not be seen. Instead, this result shows that dark matter is required.

31






Gravitational lensing on galaxy clusters: the
bullet cluster

optical from
Magellan and HST
(orange and white)

- Xeray from




Cosa e la materia oscura!

® Materia invisibile (DM) e necessaria per spiegare gli effetti gravitazionali
® DM costituisce il 23% della densita massa-energia dell’Universo

® DM e circa I'85% della materia totale nell’Universo

® deve essere:

® non-barionica (cioe fatta di materia dive

L

rsa da protoni e

[ i
- o 4 LI
,__.. , AL by Co of -



http://en.wikipedia.org/wiki/Baryonic
http://en.wikipedia.org/wiki/Baryonic

Materia oscura particellare

Il Modello Standard delle particelle
elementari: La Supersimmetria fornisce un

Una teoria di successo, descrive tutte le candidato “naturale” per la DM:

osservazioni finoa = | TeV

Pero € una teoria efficace alle basse LSP (lightest super-symmetric particle)
energie, ci aspettiamo nuove particelle
e fenomeni ad energie piu alte

LSP creato al Big Bang ha circa

Nessuna delle particelle del modello la corretta abbondanza relica
standard € un buon candidato per la

materia oscura!

Standard particles SUSY particles

Qbaryon

SUSY in a nutshell



Particelle non-barioniche, relitti & P
freddi del Big Bang sono . "a 'y o
candidati perfetti per DM QAT XY

;‘:. ‘ .*«' .
* le masse dovrebbero essere -




Cold Thermal Relics and the Weak Scale

e if a massive, weakly interacting particle (WIMP) existed in the early Universe
Y+ y e X+X
e it was in equilibrium as long as the reaction rate was larger than the expansion rate

I'>H

e after [ drops below H = “freeze-out”, we are left with a relic density

| Q ~02=(o,v)~1pb
O B mn, 3X10 Tem’s! ‘ ; ( ’ >
= = o
. P. <O'AV> O'A~?=>m~lOOGeV

= the relic density and mass point to the weak scale

= the new physics responsible for EWSB likely gives rise to a dark matter candidate

= examples: LSP (neutralino), LKP (KK-partner of photon, or KK-partner of Z-boson)

L. Baudis
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WIMP detection

underground in space at accelerators




ricerca delle WIMP
galattiche

® |0’ al sec attraversano

un pollice -

10'> al giorno
- attraversano il corpo, |




Duwart spheroidal
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http://www.nature.com/nature/journal/v458/n7238/full/458587a.html
http://www.nature.com/nature/journal/v458/n7238/full/458587a.html
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WIMP direct detection

WIMP

XN =>XxN
elastic scattering off nuclei

M. Goodman, E. Witten, PRD 1985
1 ) =9 = 4meN (I_COSH)
Ey=—mc°f - 2 E.,=Lr
> | (m, +my) H




Measurement

Astrophysics

Detector Particle physics

Sun’s velocity around the galaxy
(v = 230 km/s

WIMP energy density

P x= 0.3 GeV/cm?

Integral rate (as a function of Er) <I ev/kg/yr

Rate [counts/kg—day]

from o~AZ2

from F2(Q)< 1

Form factor |

A

30 40

50

60

Recoil energy threshold [keV]




Background

from natural radioactivity:
Ye=>Ye

nN = nN

N=> N+ e

a, n
reduction
nuclear recoils of muon
Underground labs flux by:
y/’ e_ -----------------

Depth, Feet of Standard Rock
H 0 2000 4000 6000 8000
electron recoils “ | ,

‘lvlpp

® Gamma ray interactions: 105

Soudan

mis-identified electrons mimic nuclear recoil signals ™ _—

wml)v\ Gran Sasso

\ Homestake Cl-Ar

107
Baksan Freius E

108

106
© Neutrons:

(x,n), U, Th fission, cosmogenic spallation —>

¢ Contamination:

-
€
2
h
<
2
j=
C
]
o
=

238U and 232Th decays, recoiling progeny mimic
nuclear recoils

2000 4000 6000
Depth. meters water eauivalent




Vanilla model: exclusion plot

Quasi-Maxwellian distribution of

WIMP speeds
P O-P
7 Region of excluded
| 10 parameters Mwimp O,
VO Vr.m.s. Vescape 10-8 I event/kg/yr

dN/dE,, for different 0" and r
Mwimp |I- 10 exposure
1

-10
Signal + beke 0 threshold o

10—11

| event/ton/yr

10-12
1
10 102 10° Mw

Number of events

2
Energy deposition in detector — Myeq (PWV)

CmZ 4 (Nucl W) O <~ 107 pb

Exponential behavior s very similar: to that of;
bekg ofivarious origins:

coherent interaction — C = A4?

D. Akimov
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Buchmueller et al.
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WIMP Mass [GeV/c“]

Our goal:
theoretical predictions for SUSY
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A low mass signal?

CRESST 1o
CRESST 20
CRESST 2009
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Annual flux modulation

Signal +
background




2010 DAMA/LIBRA (Bernabei et al. 1002.1028)

25 Nal (TI) crystals of 9.5 kg each, operated at Gran Sasso

WIMP Wind
—p

Underground Lab
6y in LIBRA (13 years total), |.17 ton X year, 8.9 O

modulation signal

residuals from average rate 2-4 keV

0." . . . . . | o \ December i
O e DAMA/NAI (0129 towxjr) —————> | <DAMA/LIBRA (0531

0.08 & ! . (target mass = 87.3 kg) | | [ b (tdlgetmdss—HZSl\gJ 2

006 & 1+ 1 g Coo R I T Vo T o &

2« VR NV Y w v
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2012 CDMS vs

IE 0.5 + (Ahmed et al. 1203.1309)
>
—qi .& + .k P-type Point Contact (PPC) HPGe Detector, 440g/
S ok *‘__ - - ﬂ jry‘i-l-. - 4 ---1 detector operated in Soudan Underground Lab, 15
- 'F ~.| months of data
z :H- ~2.80 modulation in the low energy range (0.5~3.0 keV)
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La ricerca mondiale delle WIMP
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The current status




