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M |t freoquenc Observations
(possibly Simultaneous)

are Fundamental

in
Photonic Astrophysics
&




...The Universe manifests
not only through
electromagnetic radiation

but also through
astroparticles
including neutrinos
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All the identified also exhibit emission in

The, radio and/or X-rayv regime.




Cosmic Ray Multifrequency
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LHC Investigation Fields

> Dark Energy

» Dark Matter

» Extra Dimensions
> Higgs

» Supersymmetry

LHC is the vessel sailing the Dark Energy
and Dark Matter unknown oceans




LHC is a complementary tool
for HE observatories looking
directly to the Universe

0 LHC is probably the highest and ultimately

active-physics technological wonder, difficult to
be outdated because of dimensions and costs.




Some of the most
Important steps
on our Knowledge of the
physics of the Universe

(biased by my knowledge
and feelings)




BIG BANG theory

has been proved




Q,h2 = 0.023/0.020

(Netterfield etal.: 2002, ApJ, 571, 604)

Qgh2 = 0.021

: (de Bernardis etal.: 2000, Nature, 404, 955)
| ‘st (de Bernardis etal.: 2001, AIPC, 555. 85)
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The Universe

s flat




Schuecker et al. 2003, 2004
REFLEX cosmological constraints

(ESO-PR June 2004) O
(de Bernardis etal.: A
2000, Nature, 404, 955)
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Absorption of y-ray
in the Universe

Extragalactic Background Light
(EBL)

v * TBk6D e+ e
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For y-rays energies above a few TeV

the distance they can propagate < 100 Mpc
Most of the VHE Universe seems not visibie to us

2010)
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gamma-ray energy (TeV)
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Every time that the man
pointed larger telescopes
toward the sky, he looked

at farer objects




10 m Keck image of QSO J 1148+5251




Overview: Redshifts Sampled by Various Missions

(Hurley, 2010)
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GRB 090429B

z~9.4 |
SWI FT (Cucchiara et al. 2011, ApJ 736, 7

DeTeCTK)n + press releases of May 25)




Age of the Universe (billions of years)
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. III Stars Form Epoch of
QSO J 1148+ 251 (Flrst Light) Recombination

z, QS0| J114816.64525150.3(CMB)
? 21 z=643

Relonization| ~np 090429B
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GRBs are believed to be detectable out to very high redshifts up
to z ~ 25 (the first stars: Lamb & Reichart 2000; Ciardi & Loeb
2000; Bromm & Loeb 2002). SNe Ia are detected only at
redshifts of z ~ 1.7.



Inhomogeneity
in I.R.
background
suggests the
existence of
the old
Population ITI

stars

Infrared Background Light from First Stars  Spitzer Space Telescope * IRAC
NASA / JPL-Caltech / A. Kashlinsky (GSFC) ssc2005-22a




Every object rotating
with adequate energy

produces a jet




X-Ray Jet in the Radio Galaxy Pictor A Crab Nebula (Chandra)

Vela Pulsar (Chandra)

Cyghus A (Chandra) HH (Chandra)

Cen A (Chandra)
’ andra ACIS image of NGC 5128 (Cen A)
: (Kngunm. Kraft et al 2001)
HHa7




In cosmic sources if the
energy is produced by the
same kind of engine ....
There is ANALOGY

among them
independent of the factor
scales in masses and
dimensions
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* THE MAIN IDEA (now very popular):
ENGINE PRODUCING HIGH ENERGY RADIATION
IS OF THE SAME KIND FOR ALL
EXTRAGALACTIC EMITTERS (Giovannelli &

{ Polcaro, 1986).

* DIFFERENCES IN MASS AND MASS
ACCRETION RATES v ANALOGY CAN BE
SSEEEl EXTENDED UNTIL GALACTIC BLACK HOLES.

GALAGTIC
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THE EMISSION OF EXTRAGALACTIC X-RAY SOURCES Is.
LtoT = + Lpec

Licc = HOST GALAXY COMPONENT (from discrete sources)
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QUASARS - MICROQUASARS

Quasar 3C 223

VLA at .
1477MHz
~20cm |

10° light years

J

Microquasar 1E1740.7-2942

radio (VLA)
observations
at 6 cm

3 light years

J

(Mirabel et al. 1992)




MICROQUASAR /| QUASAR / GRB ANALOGY

(Yaél Fuchs, 2009) .
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Chronicle of

the Galaxy




The first H-R diagram constructed
with measured distances (HIPPARCOS)
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1000 million objects
measured to | = 20 20 kpc

/" >20 globular clusters Horizon for proper arotions
Many/thousands of Cepheids and RR Lyrae ; .~ accurate to 1 km/s

\ Dark matter in disc measured
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/ rotation curve at 15 kpc Sun within 500 pc a
. ‘ - .i‘%’— -- i }‘:
! ' :..:“ o . V. ‘ §

Horizon for .detection of

\ Jupiter mass-planets’ (200 po) e : ' \ /

Dynamics of disc, |
spiral arms, and bulge

Proper motions in LMC/SMC : P :
individually to 2-3 km/s / Horizon for distances
i accurate to 10 per cent
\\\ / > f
General relativistic light-bending determined to 1 part in 10° ] 1 microarcsec/yr = 300 km/s at z = 0.03
(dlregt connection to inertial)

—— /

/
/
/

/

GAIA wi 1 'expl_o‘re most par’r_ of éur G_GIGXY__




Nuclear

Astrophysics




aboratory
nderground
uclear
strophysics

Measurements of nuclear cross sections of interest in
BBN with the experiment

‘BBN and the "Precision Cosmology" Epoch

*The LUNA experiment

P(D,y)3He

3He(D,p)*He } 50 kV accelerator
3He(*He,y)’Be In progress!!

-D(*He,y)Li (leading process for
the ®Li production)

For the LUNA collaboration
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Dear Profescors Corvisiere exad Rolis:

[ am writing to you about a historic opportunity of which I first became aware at the
recent meeting on Solar I'usion Reactions at the Institute of Nuclear Theory, Washington
University. At this meeting, I had the opportunity to see for the first time the results of
the LUNA measurements of the important 3He — 3He reaction in a region that covers
a significant part of the Gamow energy peak for solar fusion. This was a thrill that I
had never believed possible. These measurements signal the most important advance in
nuclear astrophysics in three decades.



If magnetars exist....
And they do exist....

We must accept all the
consequences




Axis of rotation

1015 Gauss
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Manetic field lines (Von Kienlin, 2010)




10 m: acceleration zone

101 Gauss -« ¥ After A.M. Hillas
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Dark Matter




Covering the whole e.m. spectrum

( Radioc ] (Microwave) (Infrared) (Visible] [(Unraviolet) [ X-ray) (Gamma Ray)
10* 107 1 107 107 10°® 10° 10" 10"
Wavelength In centimeters

About the size of...

‘hﬁ@%@ﬂ% T @

Buildings Humans HonoyBee  Pinhead  Protozoens Molecules Atoms  Atomic Nuclei

(courtesy of Sergio Colafrancesco, 2006)



Targets for Highest DM density candidate

Close by
DM sear'ch Not extended

Wide-Field Radio Image of the
Galactic Center
Sgr D HII N A =90 cm

»
N

T Distance (7.5 kpc) >

SNR 0.9+0.1

i —" GC best candidate for indirect
| S DM searches ?

BUT:

- other y-ray sources in the FOV,
i.,e. SNR Sgr A East

Mouse «

SNR 359.0-00.9

SNR 359.1-00.5

Tornado (SNR?)

N

Image
PPPPP

- competing plausible scenarios
(LaRosa, T.N. et al.: 2000, AJ 119,207) - halo core radius: extended vs point-like



Dark Energy

P777777

HIC SUNT LEONES




What about neutrinos ?




(Luca Stanco, 2010)

Neutrino oscillations are consistently
described by three families v;, v,, v3 with
mass values m;, m, and m; that are

connected to the flavor eigenstates v,, v,
and v_ by a mixing matrix U. The neutrino
oscillation probability depends on three
mixing angles, 6,,, 0,5, 6;5; two mass
differences,

AMe, = M, = M2, Am?,3 = m23 - m?,,

and a CP phase 6.




The possibility of measuring CP violation can be
fulfilled only if the value of the neutrino mixing
parameter 6,5 is such that sin?(26,;) {¥] 0.01.

Osc. type Neutrinos Experiments
Ve (Solar, reactors) SNO, SK, Borexino, Kamland
v, (atmospheric.accelerators) SK, Minos, T2K
Ve (reactors) Daya Bay, Reno, Double Chooz
v (reactors, radioactive sources) SBL Reactors, Gallex, Sage. This Proposal
Oh4 v, (accelerators) CDHS. MiniBooNE. This Proposal

Table XXXVIII. Measurements of the mixing angle as provided by different experiments.

Light Sterile Neutrinos: A White Paper (Abazajian_etal.: 2012, arXiv:1204.5379v1)




Global evidence for 0,,> 0
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0.00 001 002 003 004 005 006 007
sin® 0.,

(Fogli et al.: 2011, PhRevD 84e3007F)




parameter best fit 20 30
2 1—b 1, - =0+0.2: - 99 Q () -~ 2 R 97
Am3, [107°eV?] 1’.4)9J_r:f;j§ (.22-8.03 (.03-8.27

|Am3| [1073eV?] 2.401017 2.18-2.64 | 2.07-2.75

sin” 615 0.318T0 018 | 0.29-0.36 | 0.27-0.38
sin? fo3 0.50750¢ 0.39-0.63 | 0.36-0.67
sin” 613 0.01370048 < 0.039 < 0.053

The evidence for sin® 6,5 ~ few 7% opens the door to
CP violation searches in the neutrino sector, with
profound implications for our understanding of the

matter-antimatter asymmetry in the universe.

(Mezzetto, M.: 2011, Journal of Physics: Conference Series 335, 012005)




PROSPECTS and CONCLUSIONS

Photonic Neutrino Particle
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The Neutrino Telescope Worl Map
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Extreme Energy CR
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CR flux — 5 boxes




Many Thanks for Your Attention




