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Problemi aperti in Fisica delle Particelle
* || pattern delle masse e le proprieta dell’higgs

* |a supersimmetria

(forse c’é un partner supersimmetrico per ogni tipo di particella nota!)

* le dimensioni dello spazio-tempo

(forse ci sono piu di 3 dimensioni spaziali!)
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e |]a Materia Oscura

(una particella sconosciuta che costituisce '80% della materia dell’Universo!)

e 'asimmetria tra materia e antimateria

(dove é finita tutta 'antimateria dell’Universo?)
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* || plasma di quarks e gluoni

(come diventa la materia nucleare a energie e densita elevatissime?)




SuperSymmetry (SuSy)
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Three Generations of Matter 3

my =~ 126 GeV

Amy, oc10% GeV
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Materia Oscura
(Dark Matter)




What is the Universe
made of?










| .
_ wmﬂ_x.i.mmmﬁ X..nw«\ Gas




Most of the Universe is Dark
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Most of the Universe is Dark

FAvgQ: what’s the difference
between DM and DE?

e DM behaves like matter

- overall it dilutes as volume expands
- clusters gravitationally on small scales

: -w = ﬁ\b — (XNR matter)
« mmﬁu @m&mﬁmbﬂbmﬂ\m

DE behayves like a constant

- it does not dilute
- does not cluster, it is prob homogeneous

Sw—"P/p~ —1

- pulls the acceleration, FRW eq.

47 QZ

3 (1 —3w)p




How do we know that
Dark Matter is out there




1) galaxy rotation curves
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NGC 6503

1) galaxy rotation Curvess

&) clusters of galaxies

- “rotation curves”
- grayvitation lensing

B

“bullet cluster” - NASA
astro-ph/0608247
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NGC 6503

Q) clusters of SalaXIes  ou«uaterngnciowaur @ucioozisss s

- “rotation curves”
- grayvitation lensing

B




NGC 6503

Nv OHcm.ﬁmHam O“m. mm..”_.m.uﬂm.mm Dark Matter Ring in C1 0024+17 (ZwCl 0024+1852)  HST

- “rotation curves” B E o g
- gravitation lensing .
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2 106 CDM particles, 43 Mpc cubic box




Andrey Kravtsov, cosmicweb.uchicago.edu




Aquarius project of the VIRGO coll.:
1.5 10° CDM particles, single galactic halo

z = 48.4

et
500 kpc

VIRGO coll., Aquarius project, www.mpa-garching.mpg.de/aquarius/




2dF: 2.2 10° galaxies

SDSS: 10° galaxies,
& billion lyr

Millennium:
1010 particles,

Of course, you have t0 500 h'! Mpc

infer galaxies within the
DM simulation




&) clusters of galaxies

3) CMB+LSS(+SMla:) g

M~ 0.20 == 0.0




What do we know of the
particle physics properties of

Dark Matter?
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an astro je ne saws pas quot: a barv.. cItiie SM:
= BBN computes the abundance of He in terms

of primordial baryons:
too much baryons => Universe full of Helium

-nesroms

-

- 28

- CMB says baryons are 4% max

- Black Holcs
- brosvn dwarves

NEerisrinos:
too light! m, < 1eV

do not have enough mass to act as gravitational attractors in galaxy collapse




Recap: DM factsheet

Galactic Bulge Norma Ard
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DM exists

Galactic Bulge Norma Are

Seutum Arm
Crux Arn

Carina Arm

Persevus Arm

How heavy?

arius Arm . Local Arm

How dense?

DM ~ | 000
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DM exists They do not interact

with normal matter
nor with themselves

Galactic Bulge Norma Aras

Py 2o a S8
. '/.'
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Persewus Arm

How heavy?

arius Arm

How dense?

DM




DM exists They do not interact
with normal matter
“nor with themselves,
they fly freely
thru matter

Galactic Bulge

Persewus A

How heavy?

‘ How dense?
@)

DM 000 o .
. 1nter
10-1000 : 000 10 GeV -HJP@MN teract a

GeV - ©00 little little bit...




Detecting
Dark Matter
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Strategy #1: silence the Universe

measure two quantities to discriminate Sign & Bkgd,
on event-by-event basis

E.g. Edelweiss:

\.Ohx.NmNNN \.03 Aw« \SWRNNA

20 mK

Calibration Data

Ionization yield

40 50 60
Recoil Energy (keV)




Strategy #1: silence the Universe

measure two quantities to discriminate Sign & Bkgd,
on event-by-event basis

E.g. Edelweiss:

\.O\Q\. \.
NQ& 20 mK

All WIMP search data
O\Q % &m& ; : : : ; passing the timing cut

Ionization Yield

. : Tower 1, ZIP 5 (T1Z5)
v ... 7 Sat Oct. 27, 2007
: 5 8:48om CDT -

Tower 3, ZIP 4 (T3Z4)
Sun. Aug. 5, 2007
2:41 pm CDT

40 50 60 70 80 920
Recoil Energy (keV)
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Strategy #2: ride the dark wave

collect all events, and detect an annual modulation

¢ = DAMA/LIBRA (0.53
i . (target mass =232,
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3000 3500 4000 4500
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2.Indirect Detection: basics

and - from DM annihilations in halo
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and there’s maybe something in electrons too.
But see nothing in gamma rays.

Or maybe yes?...




Dark Matter! Dark Matter!

Ir» Seen a huge excess in positrons

=
S

v
P
\A

PAMELA &

Mmm, not so sure...

Yes, there’s a huge excess in positrons,
and there’s maybe something in electrons too.
But see nothing in gamma rays.

Or maybe yes?...

OK, let’s go out there

and check.
013-2014...




Pogsitrons from PAMERANENA FERMI and AMS-02:

- steepe™ excess

above 10 GeV! PAMELA 2008
PAMELA 2010 +

- very large flux! - FERMI 2011
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Antiprotons from PAINERISAS

- consistent with
the background
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Electrons + positrons adding FERNMI and HESS:

-noe™ + e~ excess FERMI 2009
. HESS 2008
- spectrum~ F ATIC 2008

- a, (smooth) cutoff?
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Dark Matter! Dark Matter!

Ir» Seen a huge excess in positrons
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Mmm, not so sure...

Yes, there’s a huge excess in positrons,
and there’s maybe something in electrons too.
But see nothing in gamma rays.

Or maybe yes?...

OK, let’s go out there

and check.
013-2014...
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Collid 2
SM ollider : 4.9 X

SM 4,9 vm

‘Problem’ is: DM flies away
Signature is: missing energy

A
transverse

Before collision: wdoﬁ =
(NB: P +£ 0in general)

After collision: mﬂ =0
If # then ‘MET’




Collid 5
SM ollider . 4,9 X

SM 4,9 vm

‘Problem’ is: DM flies away
Signature is: missing energy

A
transverse

Before collision: wdoﬁ =
(NB: P +£ 0in general)

After collision: mﬂ =0
If # then ‘MET’

Background: neutrinos (e.8. W—ev)

- model your background and look for anomalies
- construct kinematic variables sensitive to x mass
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* || plasma di quarks e gluoni

(come diventa la materia nucleare a energie e densita elevatissime?)







