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L Patrizii, INFN 

In  Italy  activities  in  Neutrino  Physics  are  funded  mainly  by  the  INFN 
(Istituto Nazionale di Fisica Nucleare)

(others are Universities, EU)

The  INFN  Scientific  Commission  2  (CSN2)  is  the  coordinating  and 
reviewing body of all activities in Neutrino and Astroparticle Physics
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1 Neutrino Physics 
 Line 2 Rare Processes (Dark ma>er, 0ν2β 
decays, SN ν) 

 Line 3 Cosmic rays by ground based and 
underwater experiments 

 Line 4 Study of the cosmic rays by 
experiments in the space   

 Line5 Search for gravitaQonal waves 
 Line 6 General Physics 
 Others 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PEOPLE
 857


2008 Funding 16 M€ 
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Neutrino physics (mainly at LNGS) 

BOREXINO ICARUS OPERA T2K 

GERDA CUORE MARE-RD SciBoone R&D

Running


Construction


Completed in 2008


INFN –Scientific Commission 2 (CSN2)

www.inf.it/csn2/


BENE 
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How small is the neutrino mass?

(Pauli, Fermi, in the 1930s) 

Can a neutrino transform into its own 
anti-particle?

(Majorana, in the 1930s)  

Do neutrino flavors transform 
(“oscillate”) into each other?

(Pontecorvo, Maki‐Nakagawa‐Sakata in the 1960s) 

MI-BETA, MANU precursors of

MARE R&D


CUORICINO

CUORE, GERDA


GALLEX , MACRO  (in the 1990s)

BOREXINO, 

OPERA, ICARUS 


The Old  Questions
 The Search for Answers
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The INFN LNGS, 900 m asl  
(Abruzzo, Italy) 

 LNGS News:

1-The dramatic earthquake which hit Abruzzo …caused no damage to the people 
or the equipment of the Gran Sasso Laboratory. All the running experiments are 
working smoothly, and the external buildings have been essentially untouched.


2- The date of the regular restart of the activity of the LNGS staff is  Monday, 
May 4th


ROME 

Adriatic Sea 

15 km from the epicenter




underground area: 18 000 m2 

easy access 
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Borexino @ LNGS 

Main measurement: real Qme detecQon of solar 7Be  
Borexino CollaboraSon Phys. LeU. B 658 (2008) :   
aWer 2 months of data taking 
Borexino CollaboraSon PRL 101  (2008)                :  
192 days of live Sme 





Background
 Typical abundance

(source)


Borexino

goals


Borexino 

measured


14C/12C  10‐12 (cosmogenic) g/g   10‐18 g/g  ~ 2 10‐18 g/g 

238U  
(by 214Bi‐214Po) 

2 10‐5 (dust) g/g   10‐16 g/g  (1.6+0.1) 10‐17 g/g 

232Th  
(by 212Bi‐212Po) 

2 10‐5 (dust) g/g   10‐16 g/g  (5+1) 10‐18 g/g 

222Rn  
(by 214Bi‐214Po) 

100 atoms/cm3 (air) 
emanaSon from materials 

 10‐16 g/g  ~ 10‐17 g/g 
(~1 cpd/100t) 

210Po  Surface contaminaSon  ~1 c/d/t  May 07 : 80 c/d/t   
Now :  few c/d/t 

40K  2 10‐6 (dust) g/g  ~ 10‐14 g/g  < 3 10‐18 (90%) g/g 

85Kr  1 Bq/m3 (air)  ~1 c/d/100t  (28+7 ) c/d/100t (fast coinc.) 

39Ar  17 mBq/m3 (air)  ~1 c/d/100t  << 85Kr 

Liquid scintillator purity


Neutrino Telescopes – Venezia 2009- G. Testera on behalf of the Borexino collaboration 



Neutrino Telescopes – Venezia 2009- G. Testera on behalf of the Borexino collaboration 

The measured energy spectrum: 

May07 - Oct08 




7Be and 8B flux measurements
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R7Be= 49 ± 3stat ± 4sys cpd/100 tons  

No-oscillation hypothesis 
rejected at 4 σ level


Rate>2.8MeV = 
0.26 ± 0.04stat ± 0.02sys cpd/100 tons 

 8B flux above 5 MeV agrees with 
existing data


 Neutrino oscillation  confirmed 
by  8B data at 4.2 σ




Direct test of MSW mechanism


ν magnetic moment

Experiment
 90% C.L. 10-11 mB


8B above 5 MeV 
( SK)


< 11


Reactor n 
(GEMMA)


<5.8


7Be 
(BOREXINO)


<5.4


Constraints on pp + CNO flux


Neutrino Telescopes – Venezia 2009- G. Testera on behalf of the Borexino collaboration 



Calibration with radioactive sources
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What Next: 
• 7Be flux at  %  level accuracy (SSM precision test) 

•  pep and  CNO (relevant for the sun metallicity “controversy”):  limited by  11C 
background  

•  8B increase in staSsScs 

•  Supernova neutrinos: Borexino is joining the SNEW community 

•  Geo‐neutrinos. Low Background from reactor neutrino. Expected 7‐17 ev/year in 300 t   
S/N=1.2 . Long term program (~4 anni) 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The CNGS program 


€ 

Nτ =

NAMD φν µ
(E)P∫

ν µ →ντ
(E)σντ

CC (E)ε(E)dE



CERN 

Gran Sasso 

•  From SPS: 400 GeV/c 
•  Cycle length: 6 s 
•  ExtracSons: 

–  2 separated by 50 ms 
•  Pulse length: 10.5 ms 
•  Beam intensity:  

–  2.4 ∙ 1013 proton per 
extr 

•  Expected performance:  
–  4.5 ⋅ 1019 pot/year 

CNGS: 17 GeV νµ beam from 
CERN to Gran Sasso (732 km) 

RUN 

[OPERA] 



CNGS Run 2008: 18 June - 03 Nov 2008 

Total: 1.78·1019 pot 

18kV cable  
repair 

MD 

PS magnet  
exchange,  
septum  
bakeout MD 

SPS timing fault: 
vacuum leak &  
magnet exchange 

CNGS  
maintenance 

SPS extraction line:  
Magnet ground fault MD 

CNGS 
maintenance 

Nominal: 4.5 1019 pot/yr for 5 years 

Beam to CNGS, 
LHC, FT, MD 

Beam to CNGS, 
LHC, FT 

Beam to 
CNGS, MD 



OPERA 
OPERA is based on the only proven technology (DONUT) to identify ντ on an 
event-by-event  
It will be firstly celebrated as a major engineering achievement since it 
brought such technology to an immense size (1.25 kton)  
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OPERA as a hybrid detector 
•  Prediction of  the brick where the interaction occurred  

•  Alignment and development of the Changeable Sheets 

•  Scanning of the Changable Sheets 

•  Extraction of the Bricks at the rate of CNGS events  

•  Identification of the primary vertex 

•  Kinematic reconstruction and decay search 

Part. validated (*)  

Fully validated 

Fully validated 

Fully validated 

In progress (**)  

In progress (**)  

(*) Extr. of 1° brick nearly completed. 2° in progress.  
(**) First results on a subsample of ~200 events F. Terranova NeuTel 2009 
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OPERA future depends critically on CNGS performances. It is 
crucial to have the beam asap at its nominal intensity 

•  With  a beam intensity of 22.5 x 1019 pot, a target mass of 1300 tons 
and  Δm2

23=2.5x10-3 eV2 :

  ~25000 
neutrino interactions

  ~120 
ντ  interactions

  ~10 
ντ identified

  < 1 
background events


•  Forecast for 2009: 


 
173 days of running:  ~3.5x1019 pot


 
Integrated statistics sufficient for candidate events (~2 tau events)


 
Precise evaluation of efficiencies, backgrounds and sensitivity




The ICARUS experiment
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A mulS‐kton detector based on a new powerful 
detecSon technique: 
the Liquid Argon Time ProjecSon Chamber  

[C. Rubbia: CERN‐EP/77‐08 (1977) ]  
first proposed to INFN in 1985 

[ICARUS: Imaging Cosmic And Rare Underground Signals: INFN/AE‐85/7] 

capable of providing a 3D imaging of any ionizing event 
(“electronic bubble chamber”) with in addiSon: 
  high granularity (~mm) 
  excellent calorimetric properSes 
  parScle idenSficaSon (through dE/dx vs range) 
  conSnuously sensiSve 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ICARUS -T600

It is a necessary intermediate technical step towards a much more 

massive LAr detector

T600 Physics


–  ≈ 100 ev/year of individually recorded atmospheric CC 
neutrinos.


–  Solar neutrino electron rates > 5 MeV.

–  Supernova neutrinos.

–  proton decay with 3 x 1032 nucleons.

–  CNGS beam related neutrino events: 

In 2009 ICARUS will be ready to enter the game


Installations and infrastructures in 2004-2008

May 2009 Final Tests of cryogenic plant and control systems 
(redundancy)

Then: start of the filling with LAr




27 - 4 - 2009
 GDR Neutrino - LPNHE Paris
 23


ICARUS T600

τ search based on kinematical criteria

main reaction: ντ + Ar -> τ + jet (gold candidate is the τ electron decay )


in 5 years running ~ 2 events and 0.1 events as background


The main importance of this detector is in the technological 
developments for future large mass liquid Argon detectors.
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ICARUS in Hall B 

WARP (DarkMatter) 

Electronics 



The neutrino mass
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Tritium Experiments

Mainz + Troitsk: mβ < 2 eV

KATRIN: O(10) improvement


Possible results with KATRIN  ([eV]):


Need for new ideas in order to go below ~0.2 eV. 

MARE ?


mβ = 0.30±0.10 

mβ = 0.35±0.07   
5 sigma , discovery


3 sigma , evidence

mβ <  0.2
 at 90% CL




KIT – die Kooperation von 
Forschungszentrum Karlsruhe GmbH 
und Universität Karlsruhe (TH) 

KIT – die Kooperation von 
Forschungszentrum Karlsruhe GmbH 
und Universität Karlsruhe (TH) | G. Drexlin | KIT| NOW2008 

MARE experiment 
Microcalorimeter Arrays for a Rhenium Experiment 

187Re as ß-emitter: isotopic abundance 62.8% 

dielectric AgReO4 crystal 

Genova: metallic Re (MANU) 
Milano:   AgReO4 (MIBETA) 

previous experiments: 

5/2+ → 1/2- unique first forbidden transition (shape factor)  

6.2 ×106 187Re ß-decays: 
m(ν) < 15 eV    (2004)  

MIBETA: 
10 crystals 



KIT – die Kooperation von 
Forschungszentrum Karlsruhe GmbH 
und Universität Karlsruhe (TH) 

KIT – die Kooperation von 
Forschungszentrum Karlsruhe GmbH 
und Universität Karlsruhe (TH) 

MARE-I cryostat for 288 elements (4×72) under construction 

ΔE = 15 eV 
Δt  = 50 µs 
3 years 

MARE experiment: Phase-I 
Phase-I objective:  improve sensitivity for m(ν) by factor 10 

   increase statistics to 1010 ß-decays 
Phase-I detectors:  Genova: metallic Re, superconducting at T = 1.6 K 

        absorber mass 1 mg  
   Milan:     new AgReO4 crystals, dielectric perrhenates 
        absorber mass 500 µg at T ~ 85 mK, τrise ~200 µs 
        6 × 6 pixel arrays: 1st operational, 2nd: funded 
        energy resolution: ΔE = 34 eV @ 2.5 keV 

m(ν) ~ 2 eV 

Genova: Re metal            Milano: pixel arrays of AgReO4  

| G. Drexlin | KIT| NOW2008 



KIT – die Kooperation von 
Forschungszentrum Karlsruhe GmbH 
und Universität Karlsruhe (TH) 

KIT – die Kooperation von 
Forschungszentrum Karlsruhe GmbH 
und Universität Karlsruhe (TH) 

ΔE = 5 eV 
Δt  = 1 µs 
> 5 years 

MARE experiment: Phase-II 
Phase-II objective: improve sensitivity for m(ν) by another factor 10 

   increase statistics to 1014 ß-decays 
Phase-II detectors:  R&D efforts for new detectors 

   magnetic micro-calorimeters with paramagnetic sensor 
   δT in absorber  change in magnetism δM of sensor 

m(ν) ~ 0.2 eV 

read out by SQUID 

if R&D for MMC or other detectors successful: 
-  operate a pilot array with 5000 bolometers 
-  sensitivity of m(ν) = 0.2 eV would require an 
  array of ~50.000 bolometers in several cryostats 
  and a measuring time of > 5 years 

| G. Drexlin | KIT| NOW2008 



0ν-2β decay
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The present situation :only upper limits, besides a controversial 
result form the most sensitive experiment so far (Klapdor et al).  


From E. Lisi, IFAE 2009 



Updated statistics: 18 kg·y 130Te

Q-Value: 2527.2 +/- 0.5 

(recent update)


CUORICINO was decommissioned during summer 2008


New limit for DBD0n 130Te: 

T1/2 > 2.94·1024 y
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 Funding 2009  1400 k€  
32 FTE, 45 people 



Bkg=0.01 c/kev/kg/y 
FWHM@DBD = 5 keV 

Bkg=0.001 c/kev/kg/y 
FWHM@DBD = 5 keV 



  Test to finalize copper surface  
   treatment with respect to  
   radiopurity constraints 

  Three towers whose copper has        
been subject to 3 different       
    surface treatments:  
           1. Plasma Cleaning  
           2. Chemistry  
           3. Polyethylene sheets 

  3 plane of 4 TeO2 crystals each 

  Crystals completely 
reprocessed  
   according to CUORE standards 

Data taking  
is going to 
start 
in a few days 



CRYSTALS 

THERMISTORS+HEATERS 

COPPER+PTFE 

ASSEMBLY 

CLEAN ROOM 

INTEGRATION ITEMS 

Set up 

Assembly 

Preparation of the boxes and methods + training 

Delivery + validation 

Definition + production+ cleaning 

2010 2009 
JAN JUL 

OPERATION 

Production + cleaning 

JAN 



8 FTE, 13 people 
2009 Funding  142 k€ 









Water tank (650 m3 H2O) 

Equipped with 66 PMTs for 
µ-veto 

Cryostat  (70 m3 LAr) 

LAr scintillation light 
readout can be 
implemented 

Lock for 
detector 
insertion 

Detector Array 

Cleanroom 

The setup is conceved and constructed to have  a B @ Qββ ≤10-3 cts/(kg⋅keV⋅y) 
adopting passive/active shielding, and  suitable to host > 500 kg Ge detectors 



Sciboone  
(FNAL E954):  

INFN 

T2K  
Italian (and European) contribution limited to the Near Detector 

 Micromegas and TPC calibration 

 Ancillary equipments 

First results: K.Hiraide et al, PRD 78 (2008) 112004 etc. 

Far detector: SK 

Near detector: new 
(mainly EU) 

ν beamline: new (main 
cost: mainly JP) 
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7 km Off axis Detector on 
surface 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The future (only a personal/trivial consideration) 

A general consensus exist that any further generation experiment in this 
sector,  will be no more affordable at national/regional level 

[Super ββ experiments (1-10 ton)


• Superbeams

•  Beta-Beams

•  Neutrino Factories


New large infrastructure for a detector 105-106 ton scale, …] 

The need is to integrate the efforts by making also the best use of existing 
facilities/know how’s… (but shall we be “capable” of this?)  

and/or  (if f.e. no signal from T2K)  new ( à la MARE ) R&Ds 


