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Medium term:
    - next generation 2β0ν experiments ?
    - incorporate T2K to the scientific program ?

Long term:
    - next generation ν experiments Laguna / HyperKamiokande
    - next-to- next generation 2β0ν (and / or DM) experiments ?

experimental neutrino physics in the UAM
Present:
  Super-Kamiokande (SK)
      - learn about experimental ν physics
      - carry out R&D to improve dramatically water-cherenkov
        techniques for SK and successors
      - perform top-class ν measurements
                   [ FPA Coordinated Project with IFIC et al. ]
  Laguna
      - R&D on next generation ν experiments [ EU FP7 Project ]

 main activity

 why I am here today





UAM works

1. LAGUNA
2. SK
3. radio-purity measurements for SK in the LSC



What is (was ?) LAGUNA ?














 The current  European  approach  to the
   next generation, liquid [Mt-like], p-decay
   and neutrino detectors

 It considers seven candidate sites:

                   CUPP @ Pyhäsalmi mine, Finland
                                 IUS @ Boulby mine, UK
            SUNLAB @ Sieroszowice mine, Poland
                  IFIN-HH @ Unirea mine, Romania
                         LSM @ Frejus tunnel, France
      New-Italian-Site @ CNGS beam halo, Italy
                 LSC @ Canfranc RW tunnel, Spain

 It considers three different detector
   technologies:
      Water-Cherenkov:   ~ 1 Mt
      Liquid-Argon TPC: ~ 0.1 Mt
      Liquid-Scintillator: ~ 0.05 Mt
                                                                                                          LNGS is not there (¡!)

LAGUNA Candidate Sites



Feasibility Study for  LAGUNA at the LSC

 The coordinator of the Feasibility Study (FS) for the LSC was L. Labarga
   (UAM); he had the help of LSC staff

 For the FS, LAGUNA-EU assigned ~145 K€ to the LSC, and 31 K€ to the
   the UAM, the LSC and UAM contributed with ~100 K€ and 7 K€ respectively
   (the later from the AC FPA2008-03002-E)

 The LSC has not Geotechnic Dept.; technical part had to be subcontracted

 July 2008 --> March 2009
    - Contact, discussions and (private) pre-selection of Geotechnic Companies
      candidate to carry out the FS for the LSC
    - Administrative and legal procedure to select the Company.
    - Select Company (got a “dream team”, see next slide), sign contract,
      Company starts working

 June 2010: the main document basis of WP2’s “Interim Report for the LSC”
   is delivered
   [final version is at  http://www.lsc-canfranc.es/  links  activity → LAGUNA]



                           PROJECT TEAM
                leader: Manuel Romana (STMR)
           co-leader: Clemente Saenz (Iberinsa-ACCIONA)
                         Companies involved:
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for instance Water Cherenkov

900 m 900 m



Plasticity

Tension Stresses

Pre-design after elasto-plastic structural calculations
of  one  of  the three  MENPHYS  detector’  caverns



Super-Kamiokande (SK) paradigm of  Water-Cherenkov detector

50.000 m3   of water
tank: 40m ∅ x 40m H

Kamioka Observatory
(Gifu Prefecture, Japan)

Mt. Ikenoyama SK
1000 m

SK    no. of PMTs:
   11148 de 50 cm ∅
     1885 de 20 cm ∅

during filling
SK

SK measures the Cherenkov 
radiation generated by “high” 
energy charged particles

2700 m.w.e
overburden





 discovery of Atmospheric-ν  oscillations
 help solving Solar-ν  problem
 world’s best limit on p lifetime
 first long base ν  experiment (K2K), and now T2K !

 precise measurement of leptonic mixing matrix parameters
 discovery of SN1987a ν burst (Kamiokande)
 world’s best limit on relic Supernova ν,s

Super-Kamiokande is currently the most powerful scientific
apparatus  for p-decay  and ν  physics

 matter-flavor tagging in Water Cherenkov detectors



 SK success largely due to detection technique: Water Cherenkov
 Caveat: no neutron tagging
             no inverse β- decay reaction (CCQE) measurement
             no anti-ν tagging at all
                   → marginal sensitivity to “relic” Supernova-ν
                     → no sensitivity to reactor-ν
                     → no “others” ...

 Solution: dissolve 0.2% (by mass) Gd compound in SK water

WC detectors; the Gd

key:
→ Gd has a very large cross-section for n capture,
→ in the process it emits a few γ,s with total energy 8 MeV



e+

p

n

→ e+  is detected

→ n wanders around for
.   ~12µs until thermalises

→ ~ 20µs [50cm] until
.   Gd-capture  8MeV γs

→ an e− is  Compton-scat.
.   off the*  γ  and detected

  νe is identified by the
.    coincidence between
.    the e+ and the delayed
.     e−, with high efficiency
.    (> 80%)

γ
Gd

neutron tagging in Gd-enriched Water-Cherenkov detectors

[e-]

_
νe

basic reaction is inverse β  process

_
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“relic”  ν’s or  Diffuse SN Neutrino Background (DSNB)

world’s best limit (SK)

overwhelmed  by  the
background

with delayed n-tag

without delayed n-tag

SK, M.Malek et al. PRL90(2003)061101

Relic model: 
AstropartPhys18(2003)307
with flux revised in NNN05

Assumptions:
- 67% detection efficiency
- Invisible µ can be reduced
  by a factor of 5 

SK, 10y, 10-30 MeV
     33 signal events
     27 bkg. events
              
SK will discover DSNB



transparency
measurement
(UDEAL)50cm PMTs (240)

selective water+Gd
filtration system  

200t water tank
[6.5m ∅ x 6.5m]

water + Gd  pre-
treatment system

240 PMTs 50cm ∅
inside the tank 
(to be installed)

automatic system 
for measuring light 
transmission in water
[UDEAL, not seen]

• Tokyo-ICRR 
  Kishimoto, Nakahata, 
  Sekiya, Ueno, 
  Yokozawa
• Tokyo-IPMU: Vagins
• Kobe: Y.Takeuchi
• Madrid: Labarga, 
   Marti (now ICRR)
• Okayama: Ishino, 
  Kibayashi, Mori,
  J.Takeuchi, Sakuda,
  Yamaguchi
• Tsinghua: Zhang
• UCI: Arenshaw, 
  Bays, Smy, Giada 

The GADZOOKS! / EGADS program

evaluating neutron identification with Gadolinium 
for anti-neutrino tagging  in SK ( … and NNN)

Lluis M. has been pivotal in its setup



Fundamental tool: monitoring Gd concentration
[developed a procedure based on Atomic Absorption Spectrometry]

Fundamental task: minimize and quantify radioactive contaminations
[below: measuring U/Th contaminations using ICP-MS]



 pre-calibration of the 250 PMT for the 200 ton Tank EGADS: 
determining experimentally the operating HV that equalize their
response

 Mounting the PMTs inside the EGADS tank, cabling, testing, etc.
A. Kibayashi (U.Okayama)

A. Kibayashi (U.Okayama)

in collaboration 
with U.Okayama 



 mounting and commissioning the EGADS calibration system

  …..

  radio-purity  measurement and control



The SK-Gd project has the unavoidable problem that, in addition
to inverse β-decay reactions from SN and Nuclear Reactor ν, SK
will see almost ALL the thermal-n inside the SK tank;  they come
mainly  from  (α,n)  reactions  and   Spontaneous  Fission  from
238U,  232Th  contaminations  in the  various materials

A) they must neither saturate SK nor deteriorating data taking
B) work out their contributions to other SK measurements, particularly
     solar ν analysis  implement in SK detector simulation
C) carefully control 238U  contamination: [prompt-γ + n ] events from
     its Spontaneous  Fission are irreducible background to the inverse
     inverse β- decay reaction

 For  SK-materials and the Gd-compound:
      1. estimate n-yield vs. En per ppt of 238U and 232Th
      3. Input total n-yield vs. En to SK  MC and work out
          the n background in SK analyses

2. measure 238U, 232Th contaminations of the materials 
    (they may be many, f.i. the many batches of Gd) + …



Hall for HpGe detector farm Main Hall: next, ...
now it is not empty anymore …

Measurements of radioactive contaminations at the LSC

in day-to-day
collaboration with
I.C. Bandac (LSC)

a program rather 
synergic to next 



that payed off a rather low background that allowed the start of SuperkGd 

we battled our particular war against Radon …

and also the start of the next radio-purity measurements program 

GeOroel



Currently there 
are 3 HpGe’s 
commissioned

With these 3 detectors, the short-near future needs of SuperkGd and
next are  covered, but more will be needed soon
2 other detectors are coming …



we are fine-tuning our GEANT4 simulation   [Lluis Marti, Iulian Bandac]

238U 232Th  

57Co, 137Cs, 60Co γ lines

                             full γ energy absorption by the Ge detector
GEANT4.9.1        GEANT4.7.1GEANT4.9.1       GeOroel Calibration [IB]

57Co, 137Cs, 60Co γ lines

efficiency  [1L Marinelli]



analyzing performance:  response to 133Ba



GEANT4;  I.Bandac

- no energy resolution smearing
- no background (detector is open) subtracted

black: Ge crystal not covered by Marinelly with Gd3(SO4)2
red: Ge crystal covered by Marinelly with Gd3(SO4)2
        
    at low energies, < 200 keV say, the γ absorption by the Gd3(SO4)2
       reduces rather strongly the detection efficiency          

radioactive source  133Ba

data



source: 133Ba    duration: 900 s   date: 20111013       without & with Gd

energy:
no. detected γs :

302,9 KeV
(2,23 ± 0,02) x 103

(1,54 ± 0,02) x 103

276,4 KeV
(8,98 ± 0,15) x 102

(6,21 ± 0,13) x 102

81,0 KeV
(5,65 ± 0,04) x 103

(4,72 ± 0,46) x 101

356,0 KeV
(6,40± 0,04) x 103

(4,62 ± 0,03) x 103

383,9 KeV
(8,36 ± 0,16) x 102

(6,19 ± 0,12) x 102

160,6 KeV
(1,13 ± 0,10) x 102

(4,24 ± 0,74) x 101



γ energy (keV) 
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DATA 20111013   [there is a significant 
uncertainty in the activity of the source]
 Ge not covered by Marinelly with Gd3(SO4)2
 Ge covered by Marinelly with Gd3(SO4)2

efficiency estimate with radioactive source  133Ba
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MC  IB20111028
 Ge not covered by Marinelly with Gd3(SO4)2
 Ge covered by Marinelly with Gd3(SO4)2



measuring with geAnayet

- sample of Gd2(SO4)3 arrived to
  Canfranc on May 27th

- measurement time background:
  65 days,  April 24th to June 28th

- measurement time Gd2(SO4)3:  
  47 days,  July 13th to August 24th 



what is all this crap ?

data

background

counts/day/kg/keV



371 keV

223Ra[235U],1.3%
445 keV

211Pb[235U],1.7%
427 keV

223Ra[235U],6%
154 keV

228Ac[232Th]4%
463 keV

214Pb[238U],37%
211Bi[235U],13%
351 keV

223Ra[235U] 0.7%
158.6 keV

counts/day/kg/keV
235U[235U],11%
223Ra[235U],3%
144 keV

223Ra[235U] 1.2%
122 keV

234Th[238U] 0.3%
227Th[235U] 0.8%
113 keV



219Rn[235U] 7%
402 keV

211Pb[235U],4%
404,5 keV

228Ac[232Th] 2%
409 keV

176Lu,93%
307,5 keV

223Ra[235U],4%
324 keV

223Ra[235U],4%
228Ac[232Th],11%
338 keV

231Pa[235U],3%
227Th[235U],2%
212Pb[232Th],3%
300 keV227Th[235U],7%

256 keV

227Th[235U],11%
236 keV

223Ra[235U] 14%
269 keV

219Rn[235U] 10%
271 keV

212Pb[232Th],3%
304,5 keV

?????
~342 keV

176Lu,84%
201,8 keV

212Pb[232Th],44%
339 keV

227Th[235U],2%
286 keV

227Th[235U],3%
330 keV

227Th[235U],1%
334 keV

227Th[235U] 0.3%
296 keV



228Ac[232Th],27%
911 keV

208Tl[232Th]5%
861keV

214Bi[238U],15%
609 keV

211Pb[235U], 4%
832 keV

208Tl[232Th] 30%
583keV

211Pb[235U] 0.5%
704 keV

208Tl[232Th]4%
727keV

228Ac[232Th]4%
795keV

208Tl[232Th] 8%
?????
511keV

228Ac[232Th],16%
970 keV

228Ac[232Th],5%
965 keV

228Ac[232Th] 1.5%
772 keV

211Pb[235U] 0.7%
766 keV

228Ac[232Th] 1%
754,8 keV



214Bi[609ke  v]= 1.0±0.2 mBq/kg

238U - 214Bi

214Bi[1123ke  v]= 0.7±0.2 mBq/kg



           Summary Table

238U  chain  ~1 mBq/kg ==>  ~0.3 ppb
235U  chain  n/a
232Th chain ~15 mBq/kg ==>  ~13 ppb

others
227Th[235U chain]  ~400 mBq/kg ==> ~20 ppb ??

  40K   1.5 ± 0.3 mBq/kg
176Lu   6.5 ± 0.5 mBq/kg

radioactivity contamination of one sample of the 500 kg of 
Gd2(SO4)3  for  EGADS phase 1 as  measured with the 
geAnayet detector at Canfranc:








