
FPA2013-40412  

Luis A. Labarga Echeverría  
Universidad Autónoma de Madrid 

Física de neutrinos y desintegración del protón con  
Super-Kamiokande y la próxima generación de experimentos  

15min. (Presentation + Discussion)	
  

Madrid,	
  20140409	
  



Scien1fic	
  research	
  outside	
  experimental	
  neutrino	
  physics:	
  	
  
• 	
  TASSO	
  at	
  PETRA	
  (e+e-­‐	
  at	
  45	
  GeV	
  c.m.e.),	
  	
  
• 	
  MARKII	
  experiment	
  at	
  the	
  SLC	
  (e+e-­‐	
  at	
  100	
  GeV),	
  	
  
• 	
  ZEUS	
  at	
  HERA	
  (ep	
  at	
  300GeV),	
  	
  
• 	
  CDF	
  at	
  the	
  TEVATRON	
  (pp-­‐	
  at	
  2	
  TeV)	
  and	
  	
  
• 	
  ATLAS	
  at	
  the	
  LHC	
  (pp	
  at	
  14	
  TeV).	
  	
  
• 	
  Search	
  for	
  wimp-­‐type	
  Dark	
  MaZer	
  by	
  a	
  collabora1on	
  with	
  the	
  Fermi-­‐Lat	
  satellite	
  telescope	
  

	
  	
  	
  	
  	
  main	
  responsible	
  of	
  	
  
• 	
  development	
  and	
  construc1on	
  of	
  a	
  significant	
  part	
  of	
  the	
  MARKII	
  Silicon	
  Strip	
  Vertex	
  	
  
	
  	
  	
  Detector	
  at	
  the	
  SLC	
  and	
  of	
  its	
  fully	
  commissioning	
  within	
  the	
  MARKII-­‐SLC	
  experiment	
  
• 	
  the	
  construc1on	
  in	
  the	
  UAM	
  of	
  the	
  three	
  large	
  dri^	
  chamber	
  composing	
  the	
  ZEUS	
  	
  
	
  	
  	
  forward	
  tracking	
  detector	
  at	
  HERA;	
  run	
  coordinator	
  of	
  the	
  chamber’s	
  test	
  beam	
  at	
  DESY	
  	
  
• 	
  run	
  coordina1on	
  of	
  the	
  ZEUS	
  experiment	
  in	
  1993	
  	
  
• 	
  the	
  construc1on	
  of	
  all	
  the	
  absorbers	
  composing	
  the	
  ATLAS	
  End-­‐	
  Cap	
  Electromagne1c	
  	
  
	
  	
  	
  Calorimeter	
  at	
  the	
  LHC,	
  and	
  of	
  the	
  construc1on	
  of	
  more	
  than	
  half	
  of	
  this	
  detector	
  in	
  	
  
	
  	
  	
  the	
  UAM;	
  	
  run	
  coordinator	
  of	
  the	
  module’s	
  test	
  beam	
  at	
  CERN.	
  

Author	
  of	
  561	
  scien1fic	
  publica1ons,	
  mean	
  of	
  66.3	
  cita1ons	
  per	
  publica1on	
  (inSPIRE	
  20140215)	
  	
  
I.P.	
  of	
  NN	
  research	
  projects	
  

Supervisor	
  of	
  7	
  Ph.D.	
  thesis;	
  Most	
  of	
  his	
  former	
  students	
  hold	
  now	
  high	
  rank	
  posi1ons	
  at	
  the	
  	
  
industry	
  or	
  at	
  research	
  centers.	
  Currently	
  supervising	
  2	
  more	
  Ph.D.	
  works	
  	
  

L. Labarga quick C.V. 

note: this is an 
experimental 
physics career  



the core of  the project is 
the Super-Kamiokande experiment at  Kamioka Observatory  

of  The Institute for Cosmic Ray Research,  ICRR, U. Tokyo 
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SK measures Cherenkov radiation  	
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Kamioka Observatory 



the project aims to continue and expand our full involvement  
in an experimental program that is providing major scientific 
achievements to HEP since almost two decades  

U.A.M.  
era  



sample publications 



              Super-Kamiokande  is  
      a rather mature Collaboration  
         formed mainly by institutes from  
               Japan and the U.S.A.; it has also a          
                    significant  contribution from   
                          Canada, China,  Korea, Poland  
                               and Spain 

[from Kamioka Observatory’s Leaflet]  



the project seeks help  

1.  to continue  

2.  and expand  

our full involvement in an experimental program that is currently 
tackling truly fundamental problems in Basic Science, remarkably, 

•  solar ν  flux,  
•  matter effects in ν oscillations,  
•  precise measurement of  leptonic mixing matrix elements  
•  neutrino Mass Hierarchy (MH),  
•  neutrino CP Violation,  
•  Dirac or Majorana nature of  the neutrino,  

•  Grand Unification Theories; search for Proton Decay,  

•  Diffuse Supernova Neutrino Background (DSNB); evolution of     
  the Universe, star formation, neutrino interactions  
•  nearby Galactic Supernova; neutrino physics at very high  
  temperature and density  



1.  	
  	
  e+	
  	
  is	
  detected	
  
2.  	
  	
  n	
  wanders	
  around	
  for	
  	
  	
  ~12µs	
  un4l	
  thermalises	
  
3.  	
  	
  ~	
  20µs	
  [50cm]	
  un4l	
  Gd-­‐capture	
  
4.  	
  	
  8	
  MeV	
  γ,s	
  cascade	
  
5.  	
  	
  e-­‐	
  are	
  	
  Compton-­‐scat.	
  off	
  the	
  	
  γ	
  	
  and	
  detected	
  
6.  	
  	
  νe	
  is	
  iden4fied	
  from	
  coincidence	
  [e+,	
  delayed	
  e-­‐]	
  	
  	
  

and the R&D program [EGADS] to provide SK and the  
Next Generation Water-Cherenkov (WC) detectors, the ability to 

distinguish the character anti- / particle of  the interacting ν  
Gadzooks! 

_	
  

200 ton EGADS tank 

EGADS  
prototype 



the ability to distinguish the character anti- / particle of  the 
interacting ν  will open SK and its next generation detector a 
whelm of  top interest processes like  

•  Diffuse Supernova Neutrino Background: discovery by SK, 
measurement of  E spectrum by HK   

•  leptonic mixing matrix: precise measurement of  the solar 
elements  from nuclear reactor electron anti-ν  

•  Mass Hierarchy: increase sensitivity from atmospheric ν  and 
anti-ν  traversing the earth before interacting in the detector 
(indication by SK, establishment by HK ??) 

•  Proton Decay searches: increase the sensitivity for  
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LowNu2009	
  	
  
“Workshop	
  on	
  Low	
  Energy	
  Neutrino	
  Physics	
  2010”,	
  Reims,	
  Oct.	
  2009	
  
Lluis	
  Mar1,	
  on	
  behalf	
  of	
  the	
  Super-­‐Kamiokande	
  Collabora4on,	
  
“Super-­‐Kamiokande”	
  

CEC2010	
  	
  
“The	
  Cracow	
  Epiphany	
  Conference	
  2010”;	
  Cracow,	
  January	
  2010	
  
Luis	
  Labarga,	
  “Laguna	
  and	
  the	
  LSC”	
  

CSSP2010	
  	
  
“Carpathian	
  Summer	
  School	
  of	
  Physics	
  2010”;	
  Sinaia,	
  July	
  2010	
  
Luis	
  Labarga,	
  “About	
  a	
  Gd-­‐doped	
  Water	
  Cherenkov	
  LAGUNA	
  detec.”	
  

NOW2010	
  	
  
“Neutrino	
  Oscilla4on	
  Workshop	
  2010”;	
  Lecce,	
  Italy,	
  September	
  2010	
  
Lluis	
  Mar1,	
  on	
  behalf	
  of	
  the	
  Super-­‐Kamiokande	
  Collabora4on,	
  
“Status	
  of	
  the	
  Gadolinium	
  Project	
  for	
  Super-­‐Kamiokande”	
  

IMFP2011	
  	
  
“34th	
  Interna4onal	
  Mee4ng	
  on	
  Fundamental	
  Physics”;	
  Canfranc,	
  Feb.	
  2010	
  
Luis	
  Labarga,	
  “Laguna	
  and	
  the	
  LSC”	
  



ICRC2011	
  	
  
“32nd	
  Interna4onal	
  Cosmic	
  Ray	
  Conference”;	
  Beijing,	
  August	
  2011	
  
Lluis	
  Mar1,	
  on	
  behalf	
  of	
  the	
  Super-­‐Kamiokande	
  Collabora4on,	
  
“Evalua1ng	
  Gadolinium	
  for	
  use	
  in	
  Super-­‐Kamiokande”	
  



......	
  
......	
  

report to LSC-SC every half a year: 

@	
  



the project is also a (necessary) step towards  
our desirable near future involvement in the  
T2K oscillation experiment 

•  octant of  θ23  
•  neutrino Mass Hierarchy (MH),  
•  neutrino CP Violation,  

and .........	
  



as we want to really do it,  go to Japan  

... and a necessary learning step within our work program on the 
Physics and R&D of  the Next generation, megaton scale, Neutrino 
and Nucleon decay experiment 



November 26th, 2012 

as we want to really do it,  go to Japan  

more	
  contribu1ons	
  on	
  NNN:	
  



Hyper-Kamiokande
 T. Nakaya (Kyoto) @CERN SPC 
                           March 18, 2014 



further, 

the similarity of  some of  its physics and instrumental activities 
allows to participate actively in the search for ββ0ν with NEXT at 
the LSC (Canfranc Underground Laboratory)  

remarkably, radio-purity ...     ⏎	
  

ββ0ν (MC) 	
  

reconstructed track  
from 137Cs decay’s  
γ produced e− 





EGADS time-line 

2012 – 2013   200-ton Tank Gd run 
              2013   PMT installation 
2013 – 2014   200-ton Tank pure water data taking 
              2014   200-ton Tank Gd data taking 
2014             thorough analysis of  performance, feasibility etc. 
              2014   electronics upgrade 
2014             nearby Galactic Supernova Sensitivity     

	
  	
  	
  we	
  are	
  here	
  

the precise schedule for GADZOOKS!,  
i.e. for running SK with Gd, must still  
be discussed and agreed upon within  
the Super-Kamiokande Collaboration  



JFY2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

-4 -3 -2 -1 1 2 3 4 5 6 7 8 9

access tunnels, waste rock tunnels

cavity excavation

concrete, liner

PMT support, PMT installation

water filling

Operation

PMT production
preparation for glass valve, PMT production

photo-sensor R&D

When construction starts

assuming budget being approved from JPY2016

27

Target Schedule of Hyper-K

14年3月17日月曜日

T. Nakaya (Kyoto) @CERN SPC March 18, 2014 



Related	
  to	
  scien+fic	
  policy	
  and	
  scien+fic	
  rela+ons,	
  our	
  works	
  on	
  SK	
  and	
  on	
  
radioac4ve	
  contamina4ons	
  in	
  GADZOOKS!,	
  are	
  increasing	
  the	
  visibility	
  of	
  the	
  
UAM	
  and	
  	
  LSC	
  in	
  the	
  Kamioka	
  Observatory	
  (+	
  other	
  important	
  Ins1tutes	
  as	
  
Boston	
  U.,	
  U.C.	
  Irvine,	
  Kavli-­‐IPMU	
  and	
  ICRR),	
  and	
  their	
  considera1on	
  for	
  future	
  
common	
  scien1fic	
  enterprises	
  

an example is the nowadays permanent presence of   
one relevant member of  the Kamioka Observatory in the  

LSC's Scientific Committee.  

......	
  

......	
  



remarkable is the 

 "Agreement on Academic Cooperation between 

   the Autonomous University of Madrid and 


the Institute for Cosmic Ray Research, the University of Tokyo”

 promoted by us, formally signed one year ago 



the project seeks some peace at continuing and expanding our full 
involvement in an experimental program that is currently tackling 
truly fundamental problems in Basic Science, remarkably, 

•  solar ν  flux, matter effects in ν oscillations ..  
•  precise measurement of  leptonic mixing matrix elements  
•  neutrino Mass Hierarchy (MH),  
•  neutrino CP Violation,  
•  Dirac or Majorana nature of  the neutrino,  

•  Grand Unification Theories; search for Proton Decay,  

•  Diffuse Supernova Neutrino Background (DSNB); evolution of     
  the Universe, star formation, neutrino interactions  
•  nearby Galactic Supernova; neutrino physics at very high  
  temperature and density  

Final slide (I) 



Final slide ( and II) 




