Materia Oscura:
alla Ricerca di una Tenue Luce



Capitolo 1

Misurare la Massa dell’Universo
o almeno di una galassia
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Cosa Possiamo Misurare Direttamente?

® Fino a poco tempo fa non molto oltre:

® |a distanza angolare apparente tra due galassie

® ['intensita luminosa apparente di ciascuna galassia

® il colore apparente di ciascuna galassia



Distanza angolare apparente

® Misure angolari per astrofili dilettanti

o e, |
*« \ .
Orsa Maggiore o

Campioni angolari a portata di mano (letteralmente)
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Il Cluster di Galassie nella Chioma di Berenice
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Ammasso di Galassie nella Costellazione “Coma Berenices” (Chioma di Berenice)
visto dall’ Hubble’s Advanced Camera for Surveys ' i



Il Colore di Una Galassia

Frequenza (Hz)
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® [ o spettro delle onde elettromagnetiche su 20 ordini di grandezza



Radiazione di Corpo Nero

Spectral radiant emittance, W/(m? um)
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Spettri di emissione degli elementi
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REAL-TIME CLASSROOM SPECTROSCOPY
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THE VELOCITY -DISTANCE RELATION
FOR EXTRA-GALACTIC

NEBULAE

DISTANCE

900,000 I.Lght years

7.000.000 light years
-
23,000,000 Light years

’ .
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LR
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The arrows above the nebular spectra point to the H and K
lines of calcium and show the amounts these Lines are
diusplaced toward the red end of the spectra. The com-
parison spectra are of helium.

The direct photographs (on the same scale and wtth approxt-
mately the same exposure times) tllustrate the decrease in
st3e and brightness with increasing velocity or red-shift



Effetto Doppler: misure di velocita & distanza
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Dlstanza Valutata dal red shlft
Vel()(:lta lungo la hnea di vista valutata dall’ effetto Doppler
D1men510ne Valutata dall estensione angolare dell’ammasso +
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Ammasso di Galassie nella Costellazione “Coma Berenices” (Chioma di Berenice)
visto dall’ Hubble’s Advanced Camera for Surveys :
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Fritz Zwicky al telescopio da 18 pollici del Palomar Observatory negli anni trenta.
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Curve [IBG = VAT ols

® (o che tiene assieme le galassie in un ammasso ¢ cio
che tiene assieme le stelle in una galassia

Vera Rubin (circa 1947)
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NGC 3198: 14 MPC, Visual Magnitude 9.15
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DISTRIBUTION OF DARK MATTER IN THE SPIRAL GALAXY NGC 3198

T. S. vAN ALBADA,! J. N. BancALL,? K. BEGEMAN,! AND R. SaNscist
Received 1984 August 13; accepted 1985 February 26

ABSTRACT

Two-component mass models, consisting of an exponential disk and a spherical halo, are constructed to fit
a newly determined rotation curve of NGC 3198 that extends to 11 disk scale lengths. The amount of dark
matter inside the last point of the rotation curve, at 30 kpc, is at least 4 times larger than the amount of
visible matter, with (M/Lp),,, = 18 M /Lgo. The maximum mass-to-light ratio for the disk is M/Lg = 3.6. The
available data cannot discriminate between disk models with low M/L and high M/L, but we present argu-
ments which suggest that the true mass-to-light ratio of the disk is close to the maximum computed value.
The core radius of the distribution of dark matter is found to satisfy 1.7 < R, < 12.5 kpc.

Subject headings: galaxies: individual — galaxies: internal motions — interstellar: matter
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Lensing Gravitazionale

® Jaluce (per definizione) segue nel vuoto una traiettoria rettilinea

® Non sempre la geometria descritta da queste rette ¢ euclidea

Shawn Malone/LakeSuperiorPhoto.com

Photographer Shawn Malone captured this Fata Morgana of an ore boat on Lake Superior on May 22, 2015 in Marquette, Michigan.









THE ASTROPHYSICAL JOURNAL, 604:596—603, 2004 April 1
© 2004. The American Astronomical Society. All rights reserved. Printed in U.S.A.

WEAK-LENSING MASS RECONSTRUCTION OF THE INTERACTING CLUSTER 1E 0657—-558:
DIRECT EVIDENCE FOR THE EXISTENCE OF DARK MATTER'

1E 065756 ' 11 Gpe (3.7 Gly)

™ . 7))
c £y ’ / = .
X-rag ~hoto (140 hr) 0.45 mRad A (- : .4
. | S , . weak lensing mass contours (Clowe in prep.)
. >




[.a combinazione delle due foto




Intensity [MJy/sr]

Radiazione

Cosmic Microwave Background Spectrum from COBE
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Frequency [1/cm]

Radiazione di corpo nero
temperatura ~ 2.72 K

Robert Woodrow Wilson and Arno A. Penzias stand in front of the horn reflecting antenna
%at the Homdel Horn in Crawford Hill, New Jersey.
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espansione accelerata
afterglow era dell'energia oscura

light pattern oscura
eta 400 mila anni sviluppo corpi celesti

A (€] V= B =
{ SCERRRS

inflazione

fluttuazioni
quantiche
prima stella
eta circa 400 milioni
di anni
espansione dal Big Bang

13,7 miliardi di anni




Table 17. Cosmological Parameter Summary

Parameter

Symbol

WMAP?

WMAP+eCMB+BAO+Hp2 P

6-parameter ACDM fit parameters®

Physical baryon density
Physical cold dark matter density
Dark energy density (w = —1)

Curvature perturbations (kg = 0.002 Mpc—1)d

Scalar spectral index
Reionization optical depth

Amplitude of SZ power spectrum template

Qph2
Qch?
Qa
109A%,
Ns

T

Asyz

6-parameter ACDM fit: derived parameters®

Age of the universe (Gyr)

Hubble parameter, Ho = 100h km/s/Mpc
Density fluctuations @ 8h—1 Mpc
Velocity fluctuations @ 8! Mpc
Velocity fluctuations @ 8h~1 Mpc

Baryon density /critical density

Cold dark matter density/critical density
Matter density/critical density (2 + €2p)
Physical matter density
Current baryon density (cm™3)f
Current photon density (cm™3)8

Baryon /photon ratio

Redshift of matter-radiation equality
Angular diameter distance to zeq (Mpc)
Horizon scale at zeq (h/Mpc)

Angular horizon scale at zeq

to

Hy

08

o8 Q?rf
o8 Q,,Q,f

0.02264 + 0.00050
0.1138 & 0.0045
0.721 4 0.025
2.41 +0.10
0.972 4 0.013
0.089 + 0.014
< 2.0 (95% CL)

13.74 £ 0.11
70.0 = 2.2
0.821 = 0.023
0.434 = 0.029
0.382 = 0.029

0.0463 £ 0.0024
0.233 £ 0.023
0.279 £ 0.025

0.1364 + 0.0044

(2.542 £ 0.056) x 10~7
410.72 4 0.26
(6.19 +0.14) x 10—10

+106
32651199
14194 + 117
0.00996 =+ 0.00032
139.7 £ 3.5

0.02223 =+ 0.00033
0.1153 £ 0.0019
0.713575 0096
2.464 + 0.072
0.9608 =+ 0.0080
0.081 & 0.012
< 1.0 (95% CL)

13.772 4+ 0.059
69.32 £ 0.80
+0.013
0.820° 5514
0.439 = 0.012
0.387 £ 0.012

0.04628 £ 0.00093

+0.0088
0.24027 5 50s7

+0.0096
0.2865 " 55095

0.1376 = 0.0020

(2.497 4 0.037) x 10~7

410.72 4+ 0.26

(6.079 £ 0.090) x 10—10

3293 + 47
14173152
0.01004 4 0.00014
140.7 4+ 1.4



Capitolo 2

Cosa sappiamo della Dark
Matter
(capitolo molto breve)



Graciela Gelmini-UCLA

After 80 years, what we know about DM:

e Attractive gravitational interactions and stable (or lifetime >> 1)
¢ DM and not MOND + only visible matter (“Bullet Cluster”)

o 103! GeV <mass<10~"Mg =10°"GeV (limits on MACHOS astro-ph/0607207)
(“Fuzzy DM”, boson de Broglie wavelength= 1 kpc Hu, Barkana, Gruzinov, astro-ph/0003365)
or 0.2-0.7 x107°% GeV< mass (for particles which reached equilibrium - depending on

boson-fermion and d.o.f. Tremaine-Gunn 1979: Madsen, astro—ph/0006074)

DM particle mass: 80 orders of magnitude!

thermal Planck scale Limit on MACHOS

10719 1 10'° 102 ¢ 10% 10%%g

20 30
10 107eV Primordial
y gl weak scale black hole Solar mass

Ultra—light scalars, axion v, particles

107 1072

LNGS, October 21, 2014 6



Capitolo 3

Ricercare sotto ogni pietra
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a|_ ° 36 37 38
Darkside 96 e | 180 |

Swab e R a0l

%oa ‘;;’GI\rSBO

F 39.96238
t%=269 yrs 99.60%

Obifttivo.' : Rao o e r

¢ Ricerca Diretta di materia oscura (WIMP)

Detector:

darkside 50
o TPC Argon bifase (liqguido + gas) di 20 tonnellate e e o TR
con
rivelazione del segnale di scintillazione e
10M1224Z101€

=

e

\S

Strategia per Darkside 20k:

¢ Osservazione di un segnale su fondo “nullo”

-~
»

&
WIMP




Darkside: I Seqgnale

Urto elastico di WIMP 290 + 30 k -
su nucleo di 40Ar - <IBWIMP> ™ C m/s ~ (73 1 10) . 10 4

Massima energia 1 2 2 _4AMwMar 4
ZMWC ﬁW (MW_I_MArZ | O(ﬁ )

40 - Kin En (keV) In LAr il range del nucleo ¢ < 100pum,
direzionalita (forse) su base statistica

trasferita :

Segnale simulabile con

T T T . DMpass (GeV)
urto elastico di neutroni 10 100 1000 10
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Darkside: Metodo Misura |

!‘PM E)!?MTH?MT’ PMTl€ ‘F’ko&omuU:LPLLer
eraj

CrAY

Quartz
Diving bell

[rampw\g

for qas pocket y/ |
| el A LAr

Quartz /7 entientiientiionT ?koEomuLELPLLer
WA ow < array




"Seintitlazione (Immediata)

The primary ionizing particle (nuclear

recoil or electron recoil) Produce.s
!‘PM E’!?MT’!‘PMT"‘PMT’ lonization and excitation along its track,
A | Excited argon dimers are formed and

their de-excitation leads to the emission
of scuntillation Light !;?'re:_:c::mi"ufv:J a fost and
slow com r;" onent (QSSOC‘.Q&?.A Ar* SiV\gL@.‘:
and triplet state) whose average ratio

depends on the nature and energy of the
lonizing particle.

oL

signal \\
Slow compouevd:

| (1500 ns)

PMTHIPMTHIPMTPAT
- ~ask compov\e_u&

(6 ns)




"Seintitlazione (Immediata)

Circa 40 fotoni UV (128nm) / keV
TMP per shift da 128 nm a ~400 nm

Segnale S1 con componenti fast e slow.

Fotoni visibili nei SiPM: 4.7/KeV

Rapporto FAST/SLOW dipende dalla

particella ionizzante (nucleo/elettrone) =

potente mezzo per discriminare recoil su
elettrone (i.e. fondo da neutrini)

| Slow comFouev\E
» (1500 ns)
3
PMTHEMTHPMTEPMT
- ~ast compov\e_u&

(6 ns)




‘lonizzazione (Tpc) Ritardata

@ PMT @ @ Oncct. n &.ke. mu&ip.l.i.ca\tiou re.gi.o.n Hte.
applied field provides enough kinetic
energy to the drifted electrons so that,

while traveling in gas Fkase, l:ke.j
nduce ELECTROLUMINESCENCE in a
proportional regime (and not charge

muU:i.PLica!:i.ou). This Light is produced
all along the muU:i.Fl.icoJ:Lon region,

$1+52
signals

M

1

SR sighal

PMTIIEMTIIEMT IIPMT
DDOO The amount of 2 depends on the nature

and energy of the ionizing particle




‘lonizzazione (Tpc) Ritardata

Ritardo 0-2ms
!a PMT ‘PMT‘PMT

Elettroluminescenza letta dagli
§ stessi sensori del segnale di
scintillazione

Misura della posizione x,y, z

1

SR sighal

PMTIIEMTIIEMT IIPMT
DDOO The amount of 2 depends on the nature

and energy of the ionizing particle




'Fondi Da Neutrini Solari ,

v
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“81 N
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Darkside 50 results
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'Darkside 20K - Altri Fondi

Decadimento B 3°Ar

(T2 ~ 269 anni, Q=565 keV)

¢ Darkside 50 usa Argon da miniere
sotterranee impoverito UAr

¢ DPer Darkside 20k impianto

distillazione per rimuovere la

componente radioattiva

Fondi da contaminazioni

(U, Th, Rn, ...beta),

10 luglio 2015 Preventivi Pisa: Darkside




Conclusioni

® [a natura della Dark Matter rimane a tutt’oggi quasi
completamente ignota e rappresenta uno dei piu affascinanti temi
di ricerca attuali.
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