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My personal choice(Strictly subjective)
I Quantum Gravity via Lorentz Invariance violations
I Experimental determination of nuclear cross sections,relevant for solar neutrino emission and BBN
I Neutrino masses
I Quarks stars

=⇒With some �nal notes
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Quantum GravityL. Maccione
I Astroparticle physics is a very interesting testing groundfor theories involving Lorentz Invariance Violations

I Cosmological distances
I Ultra High Energies

I Stringent limits to tiny e�ects suppressed by Planck Massscale 1.2× 1019 GeV
I Emission spectrum in HE sources as the Crab nebula
I Propagation of photons from GRB's at cosmologicaldistances (birifrangence)
I GZK e�ect (con�rmed by Auger)

I Complementarity with accelerator searches for CPTviolations and SUSY 3/9
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Exp. Determination of cross sectionsC. Gustavino LUNA2 experiment at the LNGS
I Even if the overall phenomenology of solar neutrinos afterSNO is completely internally consistent with the neutrinooscillation hypothesis, the cross section of3He(3He, 2p)4He and 3He(4He, γ)7Be are importantinputs for a reliable solar model.
I BB nucleosynthesis gave the �rst indication1. Only 3 �light� families (Yukawa couplings < 1) latercon�rmed by LEP;2. Universal baryon asymmetry nB/s ' 10−10
I LUNA2 measurements of D(p, γ)3He cross section allowsa reduction of a factor 3 over the error on predicted Dfraction
I BBN is now on very solid grounds, usefull to set limits onalternative scenarios and new physics beyond the SM 4/9
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Neutrino massF. Ferroni Double beta decay
I Neutrino mass is by itself a violation of the SM, becauseSM =⇒ mν = 0
I Neutrinoless Double beta decay measures mββ, which is acombination of the 3 neutrino mass eigenstates, themixing angles and the Majorana phase, but is sensitive tothe absolute value of the masses, not only to massdi�erences squared.
I Cuoricino result is t1/2 > 3× 1024 y (more than 1014Hubble times) with the limitmββ < 0.2− 0.68 eV =⇒ compatible with the solar andatmospheric neutrino oscillations. 5/9
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Quark starsS. K. Gosh
I The subject of quark stars has a long story (The �arabianphoenix� of HE astrophysics ?) started well before the80's (see e.g. Pacini & Salpeter NCim B51(1967)221).
I Stable �strangelets�,�quark nuggets� or �nuclearites�formed in the cosmological QCD transitions, with mass

> 107A have been searched extensively with varioustecniques
I Limit by MACRO in the LNGS from exposure of 270 m2of CR39 for 7.7 years set an upper limit to the �ux

Φ < 10−16 cm−2s−1str−1
=0.039(

Ω4π)( A100 m2) year−1 6/9
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I Small mass (10-100 A) have been searched in heavy ionscollisions (limits of the order of 10−7per Au-Au collision)
I Seismic signals predicted by De Rujula & Glashow (1984)for masses M > 10−9 grams have been searched over 4years records with the identi�cation of 2 possiblecandidates.
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Some �nal notes
I The Standard Model of Particle Physics is extremely welltested under all aspects, exception made for the Higgssector, that escaped detection untill now (Altarelli,Perugia 2008)
I Direct search excludes that it mass is below 114.4 GeV,but radiative corrections sensitive to log10mH points to avalue of log10mH = 1.88± 0.16 (LHC can �nd it ifmH . 1 TeV)
I Many open problems point to new physics beyond the SMat a scale ∼ few TeV's

I The hierarchy problem
I Baryogenesis
I Dark matter 8/9
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I In this context neutrino mass is really special:mt/√∆m2atm ≈ 1012 see−saw
−→

{

νR ∼ MGUTL violationsthat �ts well in the scenario of SuperSymmetries andGUT.
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νR ∼ MGUTL violationsthat �ts well in the scenario of SuperSymmetries andGUT.�Uni�cation of couplings seems to requireanother extension of the Standard Model, toinclude approximate 'supersymmetry'. Oneof the main goals of the forthcoming LargeHadron Collider will be to see whether thisis correct � if it is, a whole new world ofphenomena will open up, involving new heavypartners for all known particles.�F. Wilczek 9/9


