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2013:	  the	  thiumph	  of	  the	  	  STANDARD	  
•  PARTICLE	  STANDARD	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  MODEL	  
	  
	  

•  COSMOLOGY	  STANDARD	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  MODEL	  

ΛCDM	  +	  “SIMPLE”	  INFLATION	  	  



HIGGS	  MECHANISM	  

HIGGS	  MECHANISM?	  



•  State-‐of-‐the-‐art	  calculaQon	  NNLO,	  NLO	  EW	  
•  NNNLO	  Higgs	  cross	  secQons	  
•  NNLO	  kinemaQc	  contribuQons	  
	  

NEW	  ERA	  IN	  PRECISION	  HIGGS	  PHYSICS	  

Notevoli	  contribuQ	  INFN	  
Sinergia	  teorici-‐sperimentali	  



•  QCD predictions successful over many orders 
of magnitude 

•  αs runs beyond the TeV scale: into a GUT? 
•  Consistent with world average 

J.	  Ellis,	  LP	  2015	  





Cosa	  ci	  resta	  da	  imparare	  sul	  Modello	  Standard	  	  
da	  LHC	  e	  da	  futuri	  acceleratori	  	  

	  •  Higgs	  boson	  couplings	  to	  bosons	  and	  fermions:	  precisions	  	  
≤	  10%	  aBainable	  with	  300	  F-‐1	  ;	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  	  	  	  precisions	  2%	  -‐	  5%	  in	  the	  High	  Luminosity	  phase	  
	  	  	  	  uncertainMes	  O(1%)	  at	  ILC	  and	  <1%	  at	  FCC-‐ee	  

	  
•  Higgs	  total	  width:	  too	  narrow	  (~4	  MeV)	  to	  be	  measured	  at	  
LHC	   –	   at	   HL-‐LHC	   try	   using	   the	   interference	   of	   a	   specific	  
mode	  with	  the	  conMnuum;	  at	  ILC/FCC-‐ee	  through	  HZ	  

•  Higgs	   boson	   rare	   producQon	   and	   rare	   decay	  modes:	   HH	  
producMon	  important	  à	  related	  to	  Higgs	  self-‐couplings	  à	  
need	  full	  HL-‐LHC	  phase	  

	  
	  
	  
	  



F. Gianotti, EPS-HEP 2015, Vienna 9 

Coupling      LHC          CepC            FCC-ee          ILC       CLIC        FCC-hh 
 √s (TeV)à       14                 0.24              0.24 +0.35       0.25+0.5   0.38+1.4+3         100       
  L (fb-1) à  3000(1 expt)     5000                13000               6000         4000           40000           
 
KW                       2-5           1.2              0.19              0.4          0.9          
KZ                        2-4          0.26            0.15               0.3         0.8            
Kg                        3-5           1.5               0.8               1.0          1.2            
Kγ                        2-5           4.7               1.5               3.4         3.2              < 1    
Kµ                        ~8            8.6               6.2               9.2         5.6             ~ 2 
Kc                        --             1.7               0.7                1.2          1.1            
Kτ                       2-5           1.4               0.5                0.9         1.5           
Kb                       4-7           1.3               0.4                0.7         0.9           
KZγ                  10-12         n.a.               n.a.               n.a.           n.a. 
Γh                        n.a.           2.8               1%               1.8           3.4 
BRinvis             <10          <0.28           <0.19%           <0.29        <1%          
Kt                      7-10          --             13% ind. tt scan    6.3          <4            ~ 1 ? 
KHH                ?          35% from KZ  20% from KZ       27             11            5-10 
                                 model-dep      model-dep 

q  LHC: ~20% today à ~ 10% by 2023 (14 TeV, 300 fb-1) à ~ 5% HL-LHC 
q  HL-LHC: -- first direct observation of couplings to 2nd generation (Hà µµ)  
                   -- model-independent ratios of couplings to 2-5% 
q  Best precision (few 0.1%) at FCC-ee (luminosity !), except for heavy states (ttH and HH) 

where high energy needed à linear colliders, high-E pp colliders 
q  Complementarity/synergies between ee and pp 

from Kγ/KZ, using  
KZ from FCC-ee  

from ttH/ttZ, 
using ttZ and H 
BR from FCC-ee 

Few preliminary  
estimates available 
SppC : similar reach 

rare decays à pp  
competitive/better 

Units  
are % 

Theory uncertainties (presently few percent e.g. on BR) need to be improved to  
match expected superb experimental precision 

F. Gianotti, EPS ‘15 



F. Gianotti, EPS-HEP 2015, Vienna 10 

Muon colliders 

Main advantage compared to e+e- colliders: mμ ~ 200 me  
 à negligible SR à can reach multi-TeV with (compact !) circular colliders: 
     300 m ring for √s = 125 GeV, 4.5 km for  √s = 3 TeV 
 à negligible beamstrahlung à much smaller E spread 
 à σ (μμ à H) ~ 20 pb (s-channel resonant production) à H factory  
Main challenge: produce high-intensity, low E-spread beams:  
q  mμ ~ 200 me à SR damping does not work à novel cooling methods (dE/dx based) needed 
    to reach beam energy spread of ~ 3x10-5  (for precise line shape studies) and high L 
q  τμ ~ 2.2 μs à production, collection, cooling, acceleration, collisions within ~ ms  
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Share same complex 

ν Factory Goal:  
O(1021) µ/year  

within the accelerator  
acceptance 

Neutrino)Factory)(NuMAX))

Muon)Collider)(Muon)Accelerator)Staging)Study))

µACollider Goals:  
126 GeV   

~14,000 Higgs/yr 
Multi-TeV    

Lumi > 1034cm-2s-1 
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Beam spread of ~ 3x10-5 would allow ΓH  
measurement from line shape to 5% (0.2 MeV) 
à resolve (possible) resonances 

More  R&D needed to demonstrated feasibility, in particular cooling: 

linear systems (MICE at RAL), rings (recently re-ignited by C.Rubbia) 

However, with currently projected L (~1032): 
~ 20000 H/year à not competitive with 
e+e- colliders for coupling measurements  
(except Hμμ ~ 1%) 

Synergies 
with neutrino  
factories 

σ (µ+µ-→ H)  
~40000 x  
σ (e+e-→ H)  

F. Gianotti, EPS ‘15 

F. Gianotti, EPS ‘15 



Higgs	  Signal	  Strengths	  

Globally	  the	  SM	  is	  OK	  @	  10%	  level	  



Cosa	  ci	  resta	  da	  imparare	  sul	  Modello	  Standard	  	  
da	  LHC	  e	  da	  futuri	  acceleratori	  	  

protone-‐protone	  e/o	  ele^rone-‐positrone	  

•  Top	  quark	  mass:	  at	  hadron	  colliders	  present	  
precision	  ~0.5%,	  difficult	  even	  in	  the	  future	  to	  go	  
below	  ~0.5	  GeV	  uncertainty;	  to	  do	  beBer	  à	  go	  to	  
lepton	  colliders,	  ILC	  or	  FCC-‐ee	  

•  Top	  quark	  properQes:	  precise	  measurements	  of	  
top	  decays	  à	  tWb	  vertex;	  measurement	  of	  top-‐
Higgs	  Yukawa	  coupling	  through	  BH	  à	  10%	  
precision	  at	  HL-‐LHC	  with	  3	  ab-‐1;	  4%	  precision	  with	  
1	  ab-‐1	  at	  a	  lepton	  collider	  with	  c.m.	  energy	  1	  TeV	  



Higgs	  Mass	  measurements	  
	  	  	  	  	  	  	  	  ATLAS	  +	  CMS	  	  ZZ*	  and	  γγ	  final	  states	  

The	  values	  of	  the	  TOP	  and	  HIGGS	  masses	  
are	  crucial	  to	  establish	  the	  stability	  of	  the	  
	  	  	  	  	  	  	  	  	  	  	  ELECTROWEAK	  VACUUM	  



STABILITY	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  INSTABILITY	  	  	  

ON	  THE	  IMPORTANCE	  OF	  PRECISELY	  
MEASURING	  	  HIGGS	  and	  TOP	  MASSES	  	  



Vacuum Instability in the Standard Model  
•  Very sensitive to mt as well as MH 

 
•  Instability scale: 

mt = 173.3 ± 1.0 GeV è log10(Λ/GeV) = 11.1 ± 1.3 

Buttazzo, Degrassi, Giardino, Giudice, Sala, Salvio & Strumia, arXiv:1307.3536	


World 
average 

New CMS 

New D0 

New ATLAS 

J.	  Ellis,	  	  LP	  2015	  



Roberto Preghenella 

Fenomeni collettivi!

16 

la materia creata in 
collisioni di ioni pesanti ad 
alta energia può essere 

descritta tramite modelli 
idrodinamici!

!

•  fase partonica calda e densa 
in rapida espansione 

•  si sviluppano flussi collettivi e 
il sistema si raffredda 

•  transizione di fase 
(adronizzazione) quando è 
raggiunta la Tcritica 

 

che comporta 
•  dipendenza della forma degli spettri in pT dalla massa della particella 
•  caratteristica anisotropia azimutale (anisotropia spaziale iniziale) 

esistono effetti simili anche in piccoli sistemi ?!



Roberto Preghenella 

Il "double ridge"!

17 ALICE, PLB 719 (2013) 29 

sembra un effetto collettivo!
espansione di Fourier in Δφ: v2, v3, … 

l’osservazione del ridge in p-Pb ha stimolato ulteriori idee!
rimozione del contributo da jet: sottrazione degli eventi a bassa molteplicità 

rivelata la presenza di una struttura "double ridge"!

p-Pb!



“Ridge”: Collective Effect in pp?! 
Seen first 
in Pb-Pb 

(later p-Pb): 
“collective 

effect” 

Then by CMS 
in high- 

multiplicity 
pp events: 

BIG 
SURPRISE!  

Now by ATLAS 
in high- 

multiplicity 
pp events 
at 13 TeV  

Detailed 
studies 
on way 

J. Ellis, LP15 



PENTAQUARK	  

2005:	  Maiani,	  Polosa,	  Piccinini,	  Riquer	  à	  TETRAQUARK	  
(heavy	  quark	  pair+light	  quark	  pair)	  
Z+	  :	  Belle	  (2007),	  LHCb	  (2014)	  	  	  charm-‐anQcharm	  +	  light	  quark	  pair	  
Pentaquark:	  charm-‐anricharm	  +	  proton	  (3	  light	  quarks)	  



 THE FLAVOUR  PROBLEMS 

 What is the rationale hiding 
behind the spectrum of fermion 
masses and mixing angles   
(our “Balmer lines” problem) 

 
              LACK OF A 

FLAVOUR “THEORY” 
( new flavour – horizontal  

symmetry, radiatively induced 
lighter fermion masses,  
dynamical or geometrical 
determination of the Yukawa 
couplings, …?) 

 
 
 

    Flavour changing neutral 
current (FCNC) processes are 
suppressed. 

  
     In the SM two nice 

mechanisms are at work: the 
GIM mechanism and the 
structure of the CKM mixing 
matrix. 

 
    How to cope with such delicate 

suppression if the there is new 
physics at the electroweak 
scale?  

 FERMION MASSES FCNC 



Z.	  LigeQ,	  LP	  2015	  

Non	  manca	  qualche	  indicazione	  di	  deviazione	  
dalle	  predizioni	  del	  	  SM	  	  (fisiologico?)	  

Quante	  deviazioni	  standard	  dalla	  predizione	  SM	  

Quanto	  e’	  
affidabile	  	  
il	  conto	  
teorico	  della	  
	  predizione	  
SM	  



G.	  Lanfranchi,	  	  LP	  2015	  









THE	  EDM	  CHALLENGE	  

FOR	  ANY	  NEW	  PHYSICS	  AT	  THE	  TEV	  SCALE	  WITH	  
NEW	  SOURCES	  OF	  CP	  VIOLATION	  à	  NEED	  FOR	  
FINE-‐TUNING	  TO	  PASS	  THE	  EDM	  TESTS	  OR	  
SOME	  DYNAMICS	  TO	  SUPPRESS	  THE	  CPV	  IN	  
FLAVOR	  CONSERVING	  EDMS	  	  





	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  BELLE2	  @	  SuperKEKB:	  

	  data	  taking	  starQng	  with	  full	  detector	  in	  2018	  à	  expected	  50	  ab-‐1	  by	  2025	  



C.	  Bozzi	  per	  il	  
GdL	  Flavour	  
di	  What	  Next	  







DAΦNE	  Timeline	  
In the first six months of 2013 DAΦNE faced a long shutdown 
intended mainly for installing the KLOE detector upgrade and 
exploited also to consolidate the accelerator complex 
 
At the end of 2014, DAFNE started a systematic period of data-
delivery to the experiment 
 
In this framework the collider was expected to deliver: 

1 fb-1      (15 Nov 2014 – 15 Jul 2015)      RUN I 
1.5 fb-1    (28 Sept 2015 – 20 Jul 2016)     RUN II 

 
Since first months in 2015 the machine achieved good 
performances in terms of peak and integrated luminosity 
 
DAΦNE and KLOE-2 mission aims at collecting at least 
5 fb-1 by the end of 2017 



Ongoing	  Run	  II	  
Peak Luminosity measured so far is: 
• 40% higher than in 2005 
• a factor 2 lower than the best achieved 
during the Crab-Waist test run 

Collider	  UPTIME	  is	  defined	  as	  the	  percent	  
fracMon	  of	  the	  day	  in	  which	  the	  collider	  has	  been	  
delivering	  luminosity,	  suitable	  for	  acquisiQon	  

During	  run	  II	  DAΦNE	  is	  expected	  to	  deliver	  
1.5	  F-‐1	  to	  the	  KLOE-‐2	  experiment	  
	  
By	  now:	  

•  Delivered	  and	  acquired	  Integrated	  
Luminosity	  overtakes	  the	  scheduled	  
values	  

•  70%	  UpMme	  by	  now  



Conclusions 

DAΦNE	  performances:	  
•  opera1on	  is	  more	  stable	  and	  reproducible	  
•  peak	  and	  integrated	  luminosity	  are	  growing	  
•  background	  is	  compa1ble	  with	  an	  efficient	  data-‐taking	  

	  
There	  are	  many	  ideas	  to	  further	  improve	  the	  present	  achievements	  
	  
The	  KLOE-‐2	  RUN	  I	  	  has	  been	  completed	  delivering	  	  
	  	  	  	  ∫L	  ~	  1	  K-‐1	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  according	  to	  the	  milestone	  
	  

DAFNE	  is	  now	  expected	  to	  deliver	  by	  the	  end	  of	  July	  2016	  at	  least	  	  
	  	  	  	  ∫L	  ~	  1.5	  K-‐1	  

	  
Up1me	  and	  reliability	  of	  the	  DAΦNE	  subsystems	  are	  improving.	  Several	  
interven1ons	  have	  been	  planned	  to	  maintain	  and	  hopefully	  ameliorate	  
the	  present	  up1me	  compa1bly	  with	  the	  available	  resources	  



Dark	  MaBer	  at	  accelerators	  

35	  

	  
-  Principalmente	  due	  alvità	  di	  R&D	  presso	  i	  LNF	  (PADME)	  e	  JLAB	  (BDX)	  

-  Alvità	  intecommissioni:	  esperimento	  PADME	  presentato	  (e	  approvato)	  in	  CSN1,	  esperimento	  BDX	  
presentato	  (e	  approvato)	  in	  CSN3	  	  

-  PADME@LNF	  
•  Ricerca	  del	  DARK	  PHOTON	  	  in	  e+e-‐	  →	  γ +	  energia	  mancante	  
•  R&D	  sulla	  macchina	  per	  garanMre	  energia	  e	  intensità	  necessarie	  (+250	  MeV)	  
•  Recupero	  di	  ~600	  cristalli	  di	  BGO	  da	  L3	  per	  il	  rivelatore	  
•  18	  mesi	  per	  costruzione	  e	  commissioning	  dell’esperimento	  

-  BDX@JLAB	  
•  Ricerca	  di	  LIGHT	  DARK	  MATTER	  in	  e-‐	  →	  χ anM-χ	  	  	  
•  Presentazione	  delproposal	  al	  PAC	  del	  JLab	  a	  Giugno	  2015	  
•  Recupero	  di	  ~1000	  cristalli	  di	  BaBar	  per	  il	  rivelatore	  
•  Interesse	  da	  parte	  di	  altri	  laboratori	  per	  esperimen1	  1po	  BDX:	  SLAC,	  Mainz,	  Cornell	  

-  Preparazione	  di	  un	  PRIN	  (Light	  Dark	  maBer	  search	  in	  electron	  beam-‐dump	  experiments)	  con	  USS,CT,	  
UGE,	  ULE,	  LNF,	  URM1,	  URM2	  

-  Workshop:	  PADME	  Kickoff	  meeMng	  (LNF),	  LDMA2015	  (Camogli),	  Challanges	  in	  Dark	  Sector	  (LNF)	  

-  Workshop	  a	  SLAC	  28-‐30	  Aprile2015	  	  per	  rilanciare	  il	  laboratorio	  sulla	  fisica	  del	  DARK	  SECTOR	  con	  intento	  
simile	  a	  Snowmass	  	  

	  

GdL	  	  di	  What	  Next	  sulla	  Materia	  Oscura	  	  Ba^aglieri,	  Fornengo,	  Ianni,	  Mazzio^a,	  Polesello,	  Ullio	  



36	  
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38	  N.	  Pastrone	  



The	  Energy	  Scale	  from	  the	  
“ObservaMonal”	  New	  Physics	  	  	  	  	  	  	  	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  	  neutrino	  masses	  
	  	  	  	  	  	  	  	  	  	  	  dark	  maBer	  
	  	  	  	  	  	  	  	  	  	  	  baryogenesis	  
	  	  	  	  	  	  	  	  	  	  	  inflaMon	  	  

NO NEED FOR THE 
NP SCALE TO BE 
CLOSE TO THE 
ELW. SCALE 

         The Energy Scale from the 
         “Theoretical” New Physics 

               Stabilization of the electroweak symmetry breaking 
at MW calls for an ULTRAVIOLET COMPLETION of the SM 
already at the TeV scale            +  
          CORRECT GRAND UNIFICATION “CALLS” FOR NEW PARTICLES 
AT THE ELW. SCALE 

	  	  
	  



via	  libera	  ai	  TDR	  di	  Fase2	  per	  HL_LHC	  di	  
ATLAS/CMS!	  



A. Wulzer per il GdL BSM di What Next con Polesello, Rahatlou, Romanino 



A. Wulzer per il GdL BSM di What Next con Polesello, Rahatlou, Romanino 



LOW-ENERGY SUSY AND 
UNIFICATION  

SUSY PARTICLES AT  
THE TEV SCALE ! 



THE	  “COMPREHENSION”	  OF	  THE	  ELECTROWEAK	  SCALE	  

μ	  ~	  102	  GeV	  	  

To	  comprehend	  (i.e.	  stabilize)	  the	  elw.	  scale	  need	  
NEW	  PHYSICS	  (NP)	  to	  be	  operaQve	  at	  a	  scale	  	  	  	  	  

ONLY	  FOR	  SCALARS;	  SM	  FERMIONS	  AND	  
GAUGE	  BOSON	  MASSES	  ARE	  PROTECTED	  BY	  
THE	  SU(2)	  ×	  U(1)	  SYMMETRY	  !	  

Romanino	  



Naturalness	  	  	  	  	  	  	  or	  	  	  	  	  	  	  	  	  	  	  Un-‐naturalness?	  	  
•  New	  SYMMETRY	  giving	  rise	  to	  
a	  cut-‐off	  at	  

	  	  
	  	  	  	  	  	  	  	  	  	  
Low-‐energy	  	  SuperSymmetry	  
	  
•  Space-‐Qme	  modificaQon	  
(extra-‐dim.,	  warped	  
space)	  

	  
•  COMPOSITE	  HIGGS	  :	  the	  Higgs	  
is	  a	  pseudo-‐Goldstone	  boson	  
(pion-‐like)	  à	  new	  interacMon	  
gelng	  strong	  at	  a	  scale	  	  

•  The	  scale	  at	  which	  the	  
electroweak	  symmetry	  is	  
spontaneously	  broken	  by	  
<H>	  results	  from	  
COSMOLOGICAL	  
EVOLUTION	  

•  H	  is	  a	  fundamental	  
(elementary)	  parQcle	  à	  
we	  live	  in	  a	  universe	  
where	  the	  fine-‐tuning	  at	  
M	  arises	  (anthropic	  
soluQon,	  mulQverse,	  
Landscape	  of	  string	  
theory)	  



Current	  bound	  ζ	  <	  0.12	  à	  
already	  some	  tuning	  on	  the	  
composite	  models	  to	  look	  like	  
SM	  	  

Discover 12 TeV 
squark, 

16 TeV gluino @ 5σ 

Il	  bosone	  di	  Higgs	  e’	  una	  
parQcella	  elementare	  o	  un	  
ogge^o	  composto	  –	  ad	  es.	  da	  nuovi	  
Mpi	  di	  quark	  –	  come	  lo	  e’	  il	  pione?	  



The	  Energy	  Scale	  from	  the	  
“ObservaMonal”	  New	  Physics	  

	  	  	  	  	  	  	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  	  neutrino	  masses	  
	  	  	  	  	  	  	  	  	  	  	  dark	  ma^er	  
	  	  	  	  	  	  	  	  	  	  	  baryogenesis	  
	  	  	  	  	  	  	  	  	  	  	  inflaQon	  	  

NO NEED FOR THE 
NP SCALE TO BE 
CLOSE TO THE 
ELW. SCALE 

	  	  
	  



Cosmology,	  single	  and	  double	  β	  decay	  measure	  different	  combinaMons	  
of	  the	  neutrino	  mass	  eigenvalues,	  constraining	  the	  neutrino	  mass	  scale	  

In	  a	  standard	  three	  acMve	  neutrino	  scenario:	  

Σ	  Mi
	  

i=1	  

3	  

Σ    ≡   	

cosmology	  
simple	  sum	  

pure	  kinemaMcal	  effect	  

Σ	  Mi
2	  |Uei|2	  i=1	  

3	   1/2	  

〈Mβ〉	  	  ≡	  	  
β	  decay	  

incoherent	  sum	  
real	  neutrino	  	  

|Σ	  Mi
	  |Uei|2	  eiα  |	  i	  

i=1	  

3	  

〈Mββ〉	  ≡	  
double	  β	  decay	  
coherent	  sum	  
virtual	  neutrino	  
Majorana	  phases	  

Going	  beyond	  the	  SM:	  	  
the	  NEUTRINO	  MASS	  

A. GIULIANI, SAC APPEC  



La	  massa	  dei	  neutrini,	  portale	  della	  
Fisica	  oltre	  il	  Modello	  Standard	  

Guido	  Altarelli,	  in	  occasione	  dell’	  	  incontro	  a	  
Pisa	  nel	  2013	  per	  i	  100	  anni	  dalla	  nascita	  di	  
Bruno	  Pontecorvo	  



G.	  Altarelli	  





GdL	  What	  Next	  	  Brofferio,	  GiunQ,	  Lisi,	  Spurio,	  Terranova	  



GdL	  What	  Next	  	  Neutrini	  





Short Term Activity 

•  NUMEN @ LNS 
•  We are presently in what is so-called «phase two»: 

•  Experimental campaign on nuclei of interest for neutrino-less 
double beta decay 

•  R&D activity to adapt the spectrometer Magnex to the new 
kinematical configuration (tracking system and focal plane 
detectors) – partly financed by CNS3, partly by CSN5 with the 
SICILIA grant 

  2016 2017 2018 

Reaction Energy 
(MeV/u) I II III IV I II III IV I II III IV 

116Sn (18O,18Ne) 116Cd 15-30             
116Cd (20Ne,20O) 116Sn 15-25             
130Te (20Ne,20O) 130Xe 15-25             
76Ge (20Ne,20O) 76Se 15-25             
76Se (18O,18Ne) 76Ge 15-30             
106Cd(18O,18Ne) 106Pd 15-30             

	  

TAIUTI  CVI 2015 







12C(α,g)16O the most important reaction of nuclear astrophysics: 
production of the elements heavier than A=16, star evolution from He 
burning to the explosive phase (core collapse and thermonuclear SN) and 
ratio C/O 

Sources of the neutrons responsible  for the S-process: 50% of 
the elements beyond Iron 

3.5 MV accelerator mainly devoted to: 
 
Helium-Burning  (in stars: ~100 T6, ~105 gr/cm3)"
 

22Ne(α,n)25Mg: isotopes with A‹90 during He and C burning in massive stars 
13C(α,n)16O: isotopes with A≥90 during AGB phase of low mass stars  

12C(12C, α)20Ne, 12C(12C,p)23Na  

  

Carbon-Burning  (~500 T6, ~3·106 gr/
cm3) 

+ (α,g) on 3He, 14N, 15N, 18O…… 

LUNA MV ai LNGS!

C. Broggini per la Collab. LUNA!



n_TOF 

•  Measurement of               
7Be(n,α) cross section           
for the cosmological            
Li problem 

•  Approximately  95% of primordial  7Li 
is produced from the electron capture 
decay of  7Be (T1/2=53.2 d). 

•  7Be is destroyed via (n,p) and (p,x), 
(d,x), (3He,x), … (n,α) reactions 

•  The (n, α) reaction produces two α-
particles emitted back-to-back with 
several MeV energy (Q-value=19 MeV) 

Only one direct measurement @ 25 meV  
P. Bassi et al., 1963  

n-TOF 

M. Taiuti,  CVI 2015 



Research Lines 

Line 1 (102 FTE) 
Quarks and Hadron Dynamics 

(Jlab, LNF, German-Labs) 

Line 2 (147 FTE) 
Phase Transitions in Nuclear 

Matter (ALICE) 

Line 4 (80 FTE) 
Nuclear Astrophysics and 
Interdisciplinary Research 

(LNGS, LNS) 

Line 3 (124 FTE) 
Nuclear Structure and Reaction 

Mechanisms 
(LNL, LNS) 

CSN3 (453 FTE) 

M. Taiuti, CVI 2015 

SPES @ LNL is under construction 
and, being SPIRAL2 delayed at least 
till 2020 due to budget problems, it 
has the great opportunity to lead the 
research in the RI. The first beam is 
foreseen in 2018. 
 





LISI,	  	  2014	  







Linking	  neutrino	  masses,	  ma^er-‐
anQma^er-‐asymmetry	  and	  DM	  

T.	  Volansky,	  
Prospects	  for	  Low	  
Mass	  DM,	  MPP,	  
Dec.	  1,	  2015	  



T.	  Volansky	  











Search for Axion – QUAX / AXIOMA Experiments 

Exploit the axion-electron coupling 

(only DFSZ axion) 

Axion wind equivalent to magnetic field 

BEf ≈
ma

10−4eV
#

$
%

&

'
(9.4×10−23T

Detection using  EPR magnetometry 
Static external field 
on  paramagnetic  
crystal sample 
 
  Modulated RF field 
 
Low frequency 
detection of induced 
magnetization 

-A) Excess Noise in Magnetized 
Crystal 

-   B)Zeeman Transition in Optical 
Crystals 

YIG 

Axion 

Wind 

RF  
Power 

Ha = −

S ⋅

gp
me

∇a
$

%
&

'

(
)

BE =
2gp
e

ga
gJ
∇za

For both schemes annual modulation expected 

Ce ≤ 10-13Gev-1 



	  ELECTRON	  –	  AXION	  interacMon	  through	  SPIN	  	  
J.M.	  Mar|n,	  J.	  Leon,	  R.	  Barbieri,	  I.V.	  Kolokolov,	  G.	  Raffelt	  ,	  F.	  Wilczek	  

	  
	  
	  
	  
	  	  
	  

Interaction of axion field with Fermions

The three men

26/06/1994,
March 7, 2010

Abstract

This is a LaTeX translation for the fax document sent by José Maŕıa
Mart́ın to Clive Speake on 26/06/1994.

We start from the Lagrangian

L = ψ(x) (ih̄ ! ∂x −mc)ψ(x)− a(x)ψ(x) (gs + igpγ5)ψ(x) (1)

where

• ψ: spinor field of the fermion (mass m).

• a spinless field of the axion. It is an external field with dimensions of
momentum.

• gs, gp coupling constants.

The Euler-Lagrange equation is: (ih̄γ · ∂x −mc)ψ(x) = a(x) (gs + igpγ5)ψ(x),
i.e.

(
ih̄ ∂

c∂t −mc ih̄$σ · $∇
−ih̄$σ · $∇ −ih̄ ∂

c∂t −mc

)
ψ(x) = a(x)

(
gs igp
igp gs

)
ψ(x) (2)

We now take the non-relativistic limit in these equations (cf. Landau Vol.4
§33). If we express ψ in the form

ψ =

(
ϕ
ξ

)
eimc2t/h̄ (3)

we have
ih̄ ∂ϕ

c∂t = gsaϕ+
(
−ih̄$σ · $∇+ igpa

)
ξ

ih̄ ∂ξ
c∂t =

(
−ih̄$σ · $∇− igpa

)
ϕ− (2mc+ gsa)ξ

(4)

1

BE =
2gp
e

ga
gJ
∇za BEf ≈

ma

10−4eV
#

$
%

&

'
(9.4×10−23T

EffecQve	  magneQc	  field	  
for	  cosmological	  axion	  

Electron	  Spin	  Resonance	  Magnetometry	  with	  ParamagneMc	  Materials	  

DETECTION	  TECHNIQUES	  :	  

OpMcal	  Spectroscopy	  in	  ParamagneMc	  Crystals	  

Search	  for	  Axion	  –	  QUAX	  /	  AXIOMA	  Experiments	  

GdL	  What	  Next	  Fisica	  Fondamentale	  	  	  
Calarco,	  Carugno,	  Pascazio,	  Testera	  



GdL	  	  Fisica	  Fondamentale	  



A)	  MulMmessenger	  astronomy,	  	  
B)	  neutrino	  properMes,	  	  

C)	  dark	  side	  of	  the	  Universe	  and	  CMB	  
•  A)	  	  Photon,	  cosmic	  ray,	  neutrino	  ,	  gravitaQonal	  
astronomies	  (some	  in	  their	  maturity,	  some	  in	  their	  
youth,	  some	  just	  baby	  or	  even	  	  sMll	  to	  be	  born	  

•  B)	  neutrino	  mass	  and	  its	  relaMon	  to	  the	  global	  
symmetry	  of	  the	  SM,	  Lepton	  number	  (Dirac	  vs.	  
Majorana	  natur	  of	  the	  neutrinos);	  	  measuring	  the	  full	  
neutrino	  mass	  parameters	  (neutrino	  mass	  hierarchy,	  
CP	  violaMon)	  

•  C)	  Dark	  Ma^er;	  Dark	  Energy	  and	  their	  role	  in	  the	  
evoluQon	  of	  the	  Universe	  (	  primordial	  inflaMon,	  elw.	  
Phase	  transiMon,	  quark-‐hadron	  phase	  transiMon,	  
nucleosynthesis,	  maBer-‐anMmaBer	  cosmic	  
asymmetry)	  	  	  



GdL	  What	  Next	  	  Radiazione	  Cosmica	  	  	  	  	  
Aloisio,	  Bertucci,	  Busso,	  De	  Angelis,	  Sapienza,	  Vissani	  
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The	  Cosmic	  Ray	  spectrum	  

Direct	  Measurements	  	  
in	  space	  

Indirect	  Measurements	  	  
on	  ground	  

(future	  also	  in	  space?)	  

WN	  ?	  	  	  	  	  superposiQon	  of	  Direct	  /	  Indirect	  Measurements	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  composiQon	  and	  staQsQcs	  at	  high	  energy	  

GdL	  What	  Next	  	  Radiazione	  Cosmica	  	  	  	  	  
Aloisio,	  Bertucci,	  Busso,	  De	  Angelis,	  Sapienza,	  Vissani	  



Direct	  CR	  measurements	  	  

78	  

•  Direct	  CR	  measurements:	  in	  the	  last	  5	  years	  with	  PAMELA	  and	  AMS	  
have	  entered	  a	  new	  era	  of	  precision	  and	  unknown	  is	  being	  probed:	  
unexpected	  spectral	  features,	  positrons	  sources,	  anM-‐protons	  
challenging	  our	  understanding	  of	  interstellar	  medium….	  

	  	  	  	  	  TeV	  has	  been	  reached	  
	  
•  	  	  CALET,	  DAMPE	  (Launch	  in	  2	  weeks),	  ISS-‐CREAM	  will	  provide	  more	  

precise	  	  	  measurements	  in	  the	  mulM-‐TeV	  energies.	  

•  The	  next	  challenge	  will	  be	  to	  extend	  direct	  measurements	  to	  the	  
knee	  with	  the	  same	  level	  of	  accuracy.	  OpportuniMes	  are	  around	  the	  
corner	  (e.g.	  China	  space	  program	  &	  HERD)	  	  but	  should	  be	  caught	  on	  
the	  fly!	  

•  Let’s	  not	  forget	  the	  unknown:	  to	  advance	  in	  rare	  anM-‐maBer	  
channels	  measurements	  R&D	  is	  needed.	  

GdL	  WN	  Rad.	  Cosmica	  
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High	  Energy	  Cosmic	  Rays	  –	  the	  science	  cases	  
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all-particle  
electron-poor sample
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New	  physics	  at	  the	  highest	  energies	  E>1020	  eV,	  
super	  heavy	  dark	  ma^er	  	  

1023

1024

1025

1018 1019 1020 1021

E
3
 J

(E
) 

(e
V

2
 m

-2
 s

-1
 s

r-1
)

E (eV)

MX=1013 GeV, τX=2.2x1022 y
Auger-2013

TA-2013

total

p

γ

ν

TransiQon	  GalacQc-‐ExtragalacQc	  CR	  

UHECR	  chemical	  composiQon,	  hadronic	  cross	  secQons	  at	  √s≈102	  TeV	  
1.1. SCIENTIFIC RESULTS 9
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Figure 1.6: Examples of measurements related to hadronic interactions. Proton-proton cross sec-
tion derived from the proton-air cross section measured with the Pierre Auger Observatory [17] (left
panel). The Auger result is shown together with collider measurements and model extrapolations.
Muon discrepancy [18] observed in showers of 1019 eV (right panel). Shown are the phenomenologi-
cal scaling factors RE and Rµ for the primary energy and the hadronic (primarily muonic) component
of the shower that would be needed to bring a model calculation into agreement with Auger data,
see text.

available at the same time as the Auger measurement was published. An unexpected, rapid
increase of the cross section directly above the LHC energy is disfavoured.

The muonic component of air showers is sensitive to hadronic particle interactions at all
stages in the air shower cascade and to many properties of hadronic interactions such as the
multiplicity, elasticity, fraction of secondary pions which are neutral, and the baryon-to-pion
ratio [83,84]. Currently the number of muons can only be measured indirectly [85] except at
very large lateral distances [86, 87] and in very inclined showers [88, 89], for which muons
are dominating the shower signal at ground, and for which the electromagnetic component
due to muon decay and interaction is understood [90].

Still it was possible to show that current simulations do not provide a good description of
the number of muons produced in air showers [18]. This is illustrated in Fig. 1.6 (right) where
the scaling factors needed for obtaining a good description of Auger showers of 1019 eV
are given for air shower simulations made with the models QGSJet II.04 [57] and EPOS-
LHC [55, 56], both already tuned to LHC data. Matching the measured longitudinal shower
profile with a simulated profile of the same energy, the muon signal has been derived by
comparing the surface detector signals of the measured and simulated showers [18]. Similar
results are found analyzing inclined showers [89] or applying different methods of muon
counting [85].

An observable sensitive to composition and hadronic interactions is the distribution of
the production depths of muons [86]. Hadronic interaction models can be tested by compar-
ing the mass estimates derived from the longitudinal shower profile with that derived from
the muon production profile [87].

Though not directly comparable due to the different types of surface detectors, the dis-
crepancy between the fluorescence and surface detector signals of ∼27% reported by the TA
Collaboration [80] is qualitatively in agreement with the Auger data [91].
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Figure 1: The resolution ofXmax obtained using events recorded
simultaneously from two FD stations, compared to a detailed
Monte Carlo simulation.

face Detector (SD) has 1660 water detector stations ar-
ranged in a 1.5 km triangular grid and sensitive to the
shower particles at the ground. The FD has 27 tele-
scopes overlooking the SD, housed in 5 different stations,
recording UV light emitted in the de-excitation of nitro-
gen molecules in the atmosphere after the passage of the
charged particles of a shower. The shower geometry is re-
constructed from the arrival times of the data. The number
of fluorescence photons emitted is proportional to the en-
ergy deposited in the atmosphere by the shower. Using the
shower geometry and correcting for the attenuation of the
light between the shower and the detector, the longitudinal
profile of the shower can be reconstructed. This profile is
fitted to a Gaisser-Hillas function [7] to determine Xmax

and the energy of the shower [8].
We follow the analysis already reported in [6]. We consider
only showers reconstructed using FD data and that have at
least a signal in one of the SD stations measured in coinci-
dence. The geometry for these events is determined with an
angular uncertainty of 0.6◦ [9]. The aerosol content in the
atmosphere is monitored constantly during data taking [10]
and only events for which a reliable measurement of the
aerosol optical depth exists are considered. Also the cloud
content is monitored nightly across the array and periods
with excessive cloud coverage are rejected. Furthermore,
we reject events with a χ2/Ndf greater than 2.5 when the
profile is fitted to a Gaisser-Hillas, as this could indicate the
presence of residual clouds. The total statistical uncertainty
in the reconstruction of Xmax is calculated including the
uncertainties due to the geometry reconstruction and to the
atmospheric conditions. Events with uncertainties above
40 g/cm2 are rejected. We also reject events that have an
angle between the shower and the telescope smaller than
20◦ to account for the difficulties of reconstructing their
geometry and for their high fraction of Cherenkov light. Fi-
nally, in order to reliably determine Xmax we require that
the maximum has been actually observed within the field
of view of the FD. 15979 events pass this quality selection.
Another set of cuts is used to ensure that the data sample is
unbiased with respect to the cosmic ray composition. Since
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Figure 2: 〈Xmax〉 (top panel) and RMS (Xmax) (bottom panel)
as a function of the energy. Data (points) are shown with the
predictions for proton and iron for several hadronic interaction
models. The number of events in each bin is indicated. Systematic
uncertainties are indicated as a band.

we require data from at least one SD station, we place an
energy dependent cut on both the shower zenith angle and
the distance of the SD station to the reconstructed core so
the trigger probability of a single station at these energies
is saturated for both proton and iron primaries.
Finally, requiring that the shower maximum is observed
means that, for some shower geometries, we could intro-
duce a composition dependent bias in our data. This is
avoided using only geometries for which we are able to
observe the full range of theXmax distribution.
At the end 6744 events (42% of those that pass the quality
cuts) remain above 1018 eV. The systematic uncertainty
in the energy reconstruction of the FD events is 22% The
resolution in Xmax is at the level of 20 g/cm2 over the en-
ergy range considered. This resolution is estimated with a
detailed simulation of the detector and cross-checked using
the difference in the reconstructedXmax when one event is
observed by two or more FD stations (Fig. 1).

3 Results and discussion

In Fig. 2 we present the updated results for 〈Xmax〉 and
RMS (Xmax) using 13 bins of ∆ logE = 0.1 below
1019 eV and ∆ logE = 0.2 above. An energy depen-
dent correction ranging from 3.5 g/cm2 (at 1018 eV) to
−0.3 g/cm2 (at 7.2 ·1019 eV, the highest energy event) has
been applied to the data to correct for a small bias observed

Auger	  
preliminary	  

isotropy	  
expect.	  

Auger 

CR	  astronomy	  

GdL	  WN	  Rad.	  Cosmica	  



•  Le  osser'azioni  di  IceCube  costit3iscono  uno  dei  risultati  più  interessanti  di  fisica  degli  
ultimi  anni  e  seg:ano  l’inizio  della  ast<onomia  di  neut<ini  di  alta  energia  

•  La  sig:ificatività  del  seg:ale  è  di  6.5σ.  Le  prime  misure  di  speC<o,  dist<ibuzione  angolare  e  
composizione  di  flavor  sono  in  accordo  con  l’ipotesi  che  neut<ini  cosmici  siano  stati  visti  

•  Le  domande  cr3ciali  a  cui  bisog:a  rispondere  includono:  

–  Qual’è	  il	  contributo	  rela1vo	  di	  sorgen1	  galaache	  ed	  extragalaache?	  
–  È	  possibile	  individuare	  (alcune)	  sorgen1	  di	  raggi	  cosmici?	  
–  Come	  osservare	  even1	  dovu1	  a	  neutrini	  tau	  o	  a	  risonanza	  di	  Glashow?	  
–  Quanto	  vale	  in	  flusso	  di	  neutrini	  prompt	  atmosferici?	  

GdL	  WN	  Rad.	  Cosmica	  
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The	  future	  of	  gamma	  astrophysics	  
•  Rich	  panorama	  of	  γ	  experiments	  at	  (V)HE	  proposed	  for	  the	  future.	  	  

–  MeV	  Region:	  Present	  technology	  allows	  ~easily	  to	  design	  a	  satellite	  1-‐2	  
orders	  of	  magnitude	  beBer	  than	  COMPTEL.	  Useful	  also	  for	  fundamental	  
physics	  (backgrounds	  to	  DM).	  4	  projects	  designed	  for	  2020+,	  converge?	  

–  GeV	  region:	  keep	  Fermi	  in	  orbit	  as	  long	  as	  possbile	  (2028?),	  then	  need	  
for	  a	  successor	  of	  Fermi.	  Best	  DM	  studies	  Mll	  m	  ~	  100	  GeV.	  

–  TeV	  region	  (with	  extension	  down	  to	  50	  GeV	  and	  up	  to	  200	  TeV):	  CTA	  will	  
lead	  the	  field.	  Will	  outperform	  present	  gamma	  detectors	  (HESS,	  MAGIC,	  
VERITAS)	  not	  before	  2020.	  

–  PeV	  region:	  Northern	  EAS	  projects	  approved	  (HAWC	  already	  running);	  
are	  producing	  and	  will	  produce	  good	  science	  –	  probably	  HAWC	  will	  be	  
the	  leader	  Mll	  2020.	  Need	  to	  converge	  to	  a	  Southern	  PeV	  EAS	  project	  to	  
study	  PeVatrons	  and	  new	  sources	  in	  the	  GalacMc	  Centre	  (at	  least	  3	  
proposals).	  

•  MulQmessenger	  astrophysics	  can	  help	  our	  understanding	  of	  
cosmic	  accelerators,	  of	  physics	  under	  extreme	  environments	  and	  
of	  fundamental	  parMcle	  physics.	  

A.	  De	  Angelis	  





Overall,	  in	  the	  next	  few	  years	  the	  APPEC	  agencies	  
will	  need	  to	  take	  a	  decision	  on	  	  
	  
a)  the	  construcQon	  of	  the	  phase	  1.5	  of	  KM3Net,	  	  
	  
b)  	  a	  major	  investment	  as	  a	  contribuQon	  to	  a	  neutrino	  long	  

baseline	  program	  in	  US	  or	  Japan,	  	  
	  
c)  	  a	  European-‐led	  dark	  ma^er	  mulQ-‐ton	  experiment	  	  

d)  a	  ton-‐scale	  neutrino	  mass	  detector	  (double	  beta	  decay	  
technique)	  	  

e)  	  a	  major	  contribuQon	  on	  ground	  and/or	  space	  to	  the	  
cosmology	  program	  probing	  the	  param.	  of	  inflaQon.	  	  	  	  	  



 Hunting for ���
GRAVITATIONAL WAVES: ���
DISCOVERY AND ASTRONOMY	


108	  ly	  

Enhanced	  LIGO/Virgo+	  
2009	  

Virgo/LIGO	  

Credit:	  R.Powell,	  B.Berger	  

Adv.	  Virgo/Adv.	  LIGO	  
2014	  

	  GOAL:	  	  	  	  	  
sensiMvity	  10x	  beBer	  à	  	  
look	  10x	  further	  à	  	  
DetecQon	  rate	  1000x	  larger	  

2nd	  generaQon	  detectors:	  	  
Advanced	  Virgo,	  Advanced	  LIGO	  

NS-‐NS	  detectable	  as	  far	  as	  300	  Mpc	  	  
BH-‐BH	  detectable	  at	  cosmological	  distances	  

10s	  to	  100s	  of	  events/year	  expected!	  
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ADVANCED VIRGO (AdV) 
 
ü  Project funded: Dec 2009 
ü  Project start: 2012 
ü  Funding: 23 M€ 
ü  Installation completed: early 

2016 
ü  First science run: O2 ~Sep 

2016 

ADVANCED LIGO (aLIGO) 
 
ü  Project funded: April 2008 
ü  Project start: 2010 
ü  Funding: >205 M$ 
ü  Installation completed: June 

2014 
ü  First science run: O1 Aug 2015 





Interferometria	  atomica?	  
�  La	  componente	  non-‐balistica	  che	  si	  sta	  affacciando	  è	  
il	  mondo	  degli	  interferometri	  atomici	  

� Tecnologia	  interessante,	  performante	  per	  costruire	  
gravimetri,	  ma	  il	  loro	  utilizzo	  per	  realizzare	  in	  GW	  
detectors	  è	  tutto	  da	  dimostrare	  

� Design	  Study	  proposal	  in	  H2020	  
�  Componente	  italiana	  assente	  

�  Inseriti	  in	  EGWII	  
�  Framework	  opportuno	  per	  la	  definizione	  del	  loro	  
potenziale	  ruolo	  in	  GW	  

89	  What	  Next	  GW	  @	  CSN4	  



Relic Stochastic Background 

•  Imprinting of the early expansion of the universe 
•  Correlation of at least two detectors needed 

Relic neutrinos CMBR 
Relic gravitons 



GdL di What Next  NEW DIRECTIONS   Bartolo, De Bernardis, Melchiorri 	




Bartolo per il GdL 
New Directions 	




Bartolo per il GdL 
New Directions 	




Detectors are our eyes	

•  We, as a field, need to maintain and develop 

detector expertise. Today’s detector marvels are not 
automatically reproducible by the next generation. 
Three essential elements:	

–  Training: organizing and stimulating participation in 

instrumentation schools	

–  Experimenting: encouraging young experimentalists to 

do hands-on detector work especially in smaller, shorter 
scale experiments and R&D	


–  Rewarding: giving proper recognition of excellence in 
instrumentation development in careers at universities 
and research institutions.	


3-4 Dicembre 2015	
 V. B. - Contributo per A.M. (PT)	
 94	


GdL  di What Next    Nuove Tecnologie   CALABRETTA, Alberto FACCO, Massimo 
FERRARIO, Valter Bonvicini, Gaetano MARON, Marco PAGANONI, Ezio PREVITALI, 
Marco RIPANI 	




INFN ai suoi “confini” in What Next	




C o m p l e t e l y n e w a c c e l e r a t i o n 
techniques, are unlikely to become 
capable to produce the high luminosity 
electron/positron beams needed for 
HEP on the time scale of 20 years from 
now, so for next two decades, machines 
wil l need to be based on more 
conventional technologies like the one 
foreseen for HL-LHC.

Nevertheless a tremendous effort is 
ongoing towards the development 
plasma wake fields accelerators or 
muon based collider and a wider range 
of options will be likely available on a 
longer time scale.

In particular the EuPRAXIA project will 
bridge the gap between successful proof-
of-principle experiments (today) and a 
r e l i a b l e t e ch n o l o g y w i t h m a ny 
applications (end of the 2020’s).3-‐4	  Dicembre	  2015	   V.	  B.	  -‐	  Contributo	  per	  A.M.	  (PT)	   96	  

Bonvicini	  	  2015	  
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L.	  FALLANI	  
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Galileo	  	  Galilei	  InsMtute:	  esperimento	  di	  successo	  
successo	  
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NEWS
3/3/2010 - IL SUCCESSO DEL TEST ITALIANO "BOREXINO"

La grande fornace
al centro della Terra

Osservati per la prima volta i flussi di geoneutrini

BARBARA GALLAVOTTI

La Terra ha un cuore caldo. Un calore che smuove i

continenti, semina distruzione con i terremoti ed

esplode nelle eruzioni vulcaniche, ma che può assumere

la forma gentile del geotermico. Un calore misterioso,

perché conosciamo meno le viscere del nostro pianeta

di quelle di una stella.

Dalle profondità della Terra giungono in realtà

messaggi rivelatori, ma la natura li ha scritti usando

come lettere le più inafferrabili delle particelle: gli

anti-neutrini, che come i neutrini hanno la proprietà di

attraversare masse di roccia restando pressoché

invisibili. A svelarli e leggerli per la prima volta è stato «Borexino», un esperimento allestito nei Laboratori

del Gran Sasso dell'Istituto Nazionale di Fisica Nucleare. Lo studio, appena reso noto, promette di aprire

una nuova stagione nel viaggio alla scoperta del pianeta.

La crosta sotto i nostri piedi è in realtà sottile e varia da appena 10 km sotto gli oceani a un massimo di 70

sotto i continenti. Sotto la crosta, poi, c'è il mantello, formato da rocce a una temperatura tra 1500 e 3000

gradi e rimescolate da lentissime correnti. È questo movimento, che sposta le placche su cui poggiano i

continenti, a creare gli scontri titanici all'origine dei terremoti o i punti di frattura da cui erutta la lava

vulcanica. Il mantello è invece spesso circa 3 mila km e ancora più in profondità si trova un nucleo rovente.

Il calore prodotto dalla Terra si calcola ammonti a circa 40 migliaia di miliardi di Watt, pari a quello che

sarebbe prodotto da migliaia di centrali nucleari. Ma da cosa ha origine questo calore? Secondo alcuni, in

gran parte, o tutto, si svilupperebbe come conseguenza di decadimenti radioattivi di atomi presenti nel

mantello, una tesi confermata da «Borexino». «Il test ha osservato per la prima volta anti-neutrini,

particelle così leggere da non avere quasi massa che vengono prodotte in diversi fenomeni naturali. Gli

anti-neutrini che abbiamo captato provengono dalla Terra e hanno l'energia che ci si aspetta per quelli

prodotti nel decadimento radioattivo di atomi di uranio, potassio o torio presenti nel mantello, anche se i

dati sono ancora troppo preliminari per permettere di capire se i decadimenti sono responsabili di tutto il

calore o solo in parte», spiega Gianpaolo Bellini, responsabile del test.

Viene invece smentita un’ipotesi alternativa, secondo la quale il calore sarebbe stato generato in prossimità

del centro della Terra da reazioni di fissione nucleare, in cui si spezzerebbe l'atomo proprio come avviene nei

reattori. In questo caso «Borexino» avrebbe dovuto registrare il passaggio di anti-neutrini di energia più

elevata, fatto che non è avvenuto.

Quella che si apre ora è una nuova stagione di ricerche: «Misurando i neutrini in diversi punti del pianeta

potremo capire quali sono quelli più freddi e più caldi e ottenere informazioni-chiave per la comprensione di

ciò che avviene dentro la Terra, forse permettendoci di capire meglio terremoti ed eruzioni». A questo scopo

ci vorranno altri test e progetti sono allo studio in Usa, Canada, Finlandia e Giappone. Per ora però

«Borexino» resta unico, motivo d’orgoglio per l’Italia.

L’unicità comincia dal luogo in cui è ospitato - i Laboratori del Gran Sasso sono caverne scavate sotto 1400

metri di roccia - e continua con gli apparati: una cupola del diametro di 16 metri racchiude 2400 tonnellate

di acqua purissima e che, oltre alla montagna, costituisce un filtro alle particelle che vengono dal cosmo.

Immersa nell'acqua si trova una sfera di nylon che racchiude 1000 tonnellate di un liquido, lo

«pseudocumene», e una parte centrale costituita da altre 300 tonnellate della stessa sostanza. Gli

anti-neutrini, che attraversano la zona più interna, lasciano una traccia: a captarla ci pensano speciali

apparecchi, i fotomoltiplicatori.

Chi è Gianpaolo Bellini Fisico

RUOLO: E’ PROFESSORE DI FISICA ALL’UNIVERSITÀ DEGLI STUDI DIMILANO E RESPONSABILE

DELL’ESPERIMENTO «BOREXINO»

IL SITO: HTTP://BOREX.LNGS.INFN.IT/
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much	  depends	  on	  the	  next	  5	  years	  …	  
•  LHC14	  (high	  energy:	  ATLAS,	  CMS;	  flavor:	  LHCb;	  quark-‐
hadron	  phase	  transiMon:	  ALICE)	  

•  Flavor:	  NA62;	  upgraded	  MEG,	  Mu-‐e;	  BELLEII;	  EDMs;	  g-‐2	  
•  DM	  1-‐ton	  exps.	  à	  10-‐10	  –	  10-‐11	  pb	  
•  Neutrinoless	  double	  β	  	  	  à	  ν	  mass	  degenerate	  region;	  enter	  
IH	  region	  

•  SBN	  à	  sterile	  ν	  ?	  
•  GravitaQonal	  waves	  à	  discovery	  
•  DE:	  BOSS	  àDESI;	  DES	  à	  LSST	  
•  CMB:	  final	  PLANCK;	  B-‐modes	  of	  the	  polariz.+	  black-‐body	  
spectrum	  :	  EU	  exps.	  QUBIC,	  LSPE,	  QIJOTE	  +	  many	  others	  on	  
ground	  and	  balloons	  	  in	  US,	  Japan	  



The	  importance	  of	  being	  
SMALL	  

My	  recommendaMon:	  beware	  the	  temptaMon	  of	  
going	  ONLY	  for	  LARGE	  enterprises	  
	  
The	  protecMve	  shield	  of	  large,	  Big	  Science:	  too	  
big	  to	  fail!	  
	  
Richness	  of	  small,	  “unorthodox”	  projects	  based	  
more	  on	  clever	  ideas	  than	  on	  muscular,	  
managerial	  strength!	  
	  



problemi	  di	  equilibrio	  	  
(dinamico,	  non	  staQco)	  …	  

•  Grande	  alvita’.	  	  Problema:	  trovare	  un	  punto	  
di	  equilibrio	  tra	  i)	  convergenza	  su	  obielvi	  in	  
cui	  l’ente	  abbia	  una	  “massa”	  criMca	  che	  
garanMsca	  alto	  impaBo	  e	  visibilita’	  per	  l’INFN	  e	  
ii)	  spazio	  a	  nuove	  idee,	  nuovi	  interessi,	  
aperture	  interdisciplinari	  etc.	  

•  Equilibrio	  tra	  fisica	  “balisMca”	  e	  “non	  balisMca”	  
•  Equilibrio	  tra	  “grandi”	  e	  “piccoli”	  progel	  



analogia	  tra	  fine	  XIX	  sec.	  e	  inizio	  XXI	  sec.	  
	  fine	  ‘800:	  fine	  della	  ricerca	  fondamentale	  in	  fisica	  	  
(meccanica+termodinamica+	  eleBromagneMsmo	  	  
chiudono	  il	  cerchio)	  	  
	  à	  applicazioni	  o	  approfondimenM	  di	  quanto	  si	  sa	  
	  
dove	  sono	  I	  nostri	  “indizi”	  Mpo	  effeBo	  fotoeleBrico	  o	  
catastrofe	  UV	  della	  radiazione	  di	  corpo	  nero:	  
	  	  	  massa	  neutrini,	  DM,	  DE,	  asimmetria	  materia-‐
anMmateria,	  inflazione,	  g-‐2	  muone,	  crisi	  
dell’informazione	  nei	  buchi	  neri,	  ..	  à	  	  quesM	  sono	  
known	  Unknown;	  	  
oppure	  saranno	  Unknown	  Unknown….	  
•  E’	  un	  momento	  eccitante,	  largo	  ai	  giovani	  (o	  per	  lo	  
meno	  alle	  giovani	  idee…)	  	  

	  


