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I	  analyze	  the	  current	  approaches	  world	  wide	  to	  the	  measurement.	  
Poli@cs	  and	  socioeconomic	  aspects	  are	  important.	  But	  Feasibility,	  
Scien@fic	  Return,	  Willingness	  &	  Push,	  and	  Scien@fic	  Policy	  are	  crucial.	  
Currently	  I	  see	  only	  one	  project	  with	  which	  I	  could	  hardly	  achieve	  
the	  @tle.	  

About	  	  
Measuring	  Leptonic	  CP	  Viola@on	  	  
before	  Re@ring	  



Next	  genera*on	  	  
long base line Neutrino	  and	  	  
Nucleon	  decay	  experiment:	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  what for ? 	  

what	  ?	  where	  ?	  when	  ?	  
when	  ?	  what	  ?	  where	  ?	  
where	  ?	  when	  ?	  what	  ?	  
.....	  
                 is there a rationale ?	  

The	  @tle	  I	  was	  draKing/trying	  was	  ...	  	  	  



Goals in Neutrino physics 

take for instance:  

3. Strategic experiments  
...  the following questions should be answered:  

1. Is lepton number violated?  
2. Is there CP violation in the lepton sector?  
3. What is the neutrino mass ordering, normal or inverted?  
4.  How many additional degrees of freedom are required by the 
νSM, and what are they?  

5.  Is there a new physics scale associated to such additional   
     degrees of freedom? What is this scale?  
6.  Why is the mixing pattern of leptons so different from quark’s 

... key experiments are needed to search for them.  



2β0ν type experiments provide extremely valuable information but 
might not give definite answers (within reasonable time & mass 
scales). They are large, yet affordable experiments.  

•  I find them worth 
•  they are very difficult, however the push of one or a few good     
  physicists might bring the success         

NlblNN will (must !) definitely answer at least 2 & 3. This is a 
warranty breakthrough in Science.  
But, is the needed monster, world-wide experiment worth ?  

•  undoubtedly yes  go for it ! 

•  however, the project (as a whole) is huge and we are 
humans, thus there is much more room to screw it up in the 
way ... and convert it in a non-sense (relatively) ... and loose 
the opportunity  



... no prejudices, lots of common sense in scientific policy,  
   lots of Science ... 

pre-pre-NNN experiments (IBM, Kamiokande, ...)  
•  started in the search for proton decay,  
•  but became wonderful neutrino telescopes  

because of that, funding came for pre-NNN (Super-Kamiokande)  
•  to make  perfect machines to learn Fundamental Science   
  from Atmospheric Neutrinos 
•  and Solar Neutrinos  
•  and ... 

the corresponding pre-NlblNN (K2K ... T2K) 
•  confirmed in a controlled way the discoveries above 
•  about to discover, just confirmation though, of large θ13    

A wonderful history/story of related scientific success: 



Needed: No prejudices, Lots of common sense  
        in scientific policy, Lots of Science 

We are talking about an extremely expensive experiment,  
≈ 750 M€, paid by the tax payers; only the above will be  
finally accepted ...  by all of us 

It must tackle in a timely way all that only this type of  
experiment can tackle:  

•  Neutrino Mass Hierarchy, 
•  CP Violation in the lepton sector, 
•  Proton Decay  
•  Atmospheric and Solar Neutrino Physics  
•  Neutrino Astrophysics 
•  Neutrino-induced dark matter searches  

If it doesn’t, if it only pursues one or two of them, one would have  
to pay twice for the same physics ... but nobody will be providing  
the needed funding 



LBNO: text-book example of a non-fundable project 



LBNO,	  	  
Expression	  of	  Interest	  
SPSC-‐EOI-‐007	  
June	  28th,	  2012	  

θ13  is large                          
LAGUNA-‐LBNO	  
E.U.-‐FP7	  	  	  LAGUNA-‐LBNO-‐284518	  	  
Document	  Of	  Work	  	  
July	  14th	  ,	  	  2011	  

this	  was	  a	  clear	  a	  priori	  	  
mistake	  for	  LAGUNA;	  	  
why	  was	  it	  commiWed	  ?	  	  

!?!?!? 
@me	  passes	  

decision	  	  
is	  	  taken	  



SPSC-‐EOI-‐007	  

.	  .	  .	  .	  .	  

.	  .	  .	  .	  .	  



LAGUNA-LBNO,	  JHEP	  05	  (2014)	  094	  Expecta*ons	  for	  determining	  M.H.	  	  at	  LBNO	  

excellent, indeed !  ~	  3	  years	   ~	  3	  years	  



LAGUNA-LBNO,	  JHEP	  05	  (2014)	  094	  

~	  2030	   ~	  2035	  
taken	  T0=	  2025	  

However:	  expecta*ons	  for	  measuring	  CPV	  at	  LBNO	  

no   funding  agency  
will fund this, I guess 
(however we are humans) 









another generation of  
experimental neutrino physics  
lost in Europe ! 





Plas@city	   Tension	  
Stresses	  

Road	  Tunnel	  

Railway	  Tunnel	  

Independent	  Access	  Tunnel	  

Tunnel	  +	  Ver@cal	  Sha[	  to	  surface	  

Connec@on	  to	  Tunnel	  +	  LSC	  

N	  	  S	  

900	  m	  

Note that it could  
have not been  
the case.  

For instance: 
a ~ 500 kt  f.v.  
W.C. detector  

@ Canfranc  
(or LNGS)  

with a ~700 kW 
CNGS-like beam  
from CERN 



Next Generation Accelerator Neutrino Projects - Long and Short Baseline  
Marco Zito, IRFU/SPP CEA-Saclay 

No	  

Yes	  
No	  

Yes	  

Yes	  

p-‐decay	  
program	  

an excellent 
experiment  
to   pursue ! 



.....	  

crossing the Atlantic: 









I do not like LBNE (it its context) 
•  why LArg ?  
•  why Sanford is a must ? 

•  originally LBNE FD was planned  
  on surface !    
•  It implies a new beam line !  

I like NOvA (in its context)  

some	  different	  would	  be	  a	  ~200	  kt	  WC	  at	  second	  maxima	  in	  an	  off-‐axis	  beam	  ...	  



Beam	  to	  Minnesota	  	  

Beam	  to	  South	  Dakota	  	  

Depths	  

A
. Sousa,	  U

.	  Cincinna*
,	  	  

M
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O
2014	   MINOS	  

LBNE	  

The	  LBNE,	  arXiv:1307.7335	  



FERMILAB	  accelerator	  complex,	  proposals	  included	  	  

A.   Sousa,	  U.	  Cincinna*,	  	  
MINOS+	  talk	  @	  NEUTRINO2014	  

500 kW end 2014 ? 

Z.	  Djurcic,	  ANL	  
LBNE	  talk	  @	  ICHEP2014	  



1300	  km	  

LBNE requires a new  
neutrino beam line  

and a new proton source ! 
(also necessary for other 
physics programs at FNAL)  

S.	  Brice,	  FNAL,	  PIP-‐II	  talk	  @	  ICHEP2014	  

The	  LBNE,	  arXiv:1307.7335	  



20121022_LBNE_CDRvol4-‐LArFarDetector_LBNE-‐doc-‐4892-‐v12	  

The 34 Kt  
fid. vol. LBNF  
far detector  
is based on  
the ICARUS  
technique/ 
experiment 



however ICARUS technique/experiment is not an example for a 
rapid building, commissioning and successfully running detector !  

•  start in ~1985 
•  first physics paper ~2012  [neutrino velocity] 
•  only two physics measurements [neutrino velocity,  
   search for LSND anomaly] 

amazing ! 



February	  11,	  2012	  



The Science Council of Japan has selected Hyper-
Kamiokande as a top priority project in the  
Japanese Master Plan of Large Research Projects  
(27 chosen out of 192 in all science area) 

hWp://www.scj.go.jp/ja/info/kohyo/pdf/kohyo-‐22-‐t188-‐1.pdf	  	  



T.	  Nakaya	  (Kyoto	  U.),	  	  Comments	  from	  the	  Hyper-‐K	  group	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Neutrino	  Summit	  Mee-ng,	  	  	  	  	  Fermilab	  21,	  22	  July	  



HK	  interna*onal	  working	  group	  

M.Shizawa	  (ICRR),	  Int.	  Mee*ng.	  Large	  Nu	  Infrastructures	  20140623	  



Y.	  Koshio	  (U.	  Okayama),	  J-‐PARC	  symposium	  ,	  July	  15th	  2014	  



Hyper-Kamiokande vs. LBNE 

mass is key 

20140720_R.Wendel-‐ICRR	  HKom5	  



20140720_R.Wendel-‐ICRR	  HKom5	  
Hyper-Kamiokande vs. LBNE 

mass is key 



The	  LBNE,	  arXiv:1307.7335	  



The	  LBNE,	  arXiv:1307.7335	  



The	  LBNE,	  arXiv:1307.7335	  

+	  [34	  Kton	  	  2.3	  MW	  	  5	  years]	  	  	  [15	  Kton	  	  1.2	  MW	  	  5	  years]	  	  	  
~	  2030	   ~	  2035	  

T0=	  2025	   ~	  2030	   ~	  2035	  



~ 700 kW beam scheduled for ~ 2018 



HK-‐wg	  20140414,	  JPARC-‐PAC-‐2014	  	  

% of δCP excluding sinδCP= 0  

[ν:ν] = [ 1:3 ]	  
_ NH	  

1σ uncertainty of δCP 
Expecta*ons	  for	  measuring	  CPV	  	  at	  T2-‐HK	  

7.5	  MW	  107	  sec	  

7.5	  MW	  107	  sec	  

detailed	  measurement	  in	  ~	  8	  y.	  (2033)	  	  
overwhelming	  observa*on	  in	  ~	  3	  y.	  (2028)	  	  

~	  2028	   ~	  2033	   T0=	  2025	  	  



% of δCP excluding sinδCP= 0  
HK-‐wg	  20140414,	  JPARC-‐PAC-‐2014	  	   The	  LBNE,	  arXiv:1307.7335	  

~	  2030	   ~	  2035	  

T0=	  2025	  	   ~	  2030	   ~	  2035	  

LBNE/F	  strategy	  

measuring	  CPV:	  	  T2-‐HK	  vs.	  LBNE	  

700	  kW	  beam	  along	  whole	  period	  



LBNE	  

LBNE	  

expecta*ons	  around	  nucleon	  decay:	  	  HK	  vs.	  LBNF	  



20140720_E.OSullivan-‐Duke_HKom5	  
expected	  signal	  from	  a	  Supernova	  10Kpc	  away	  (	  ≈	  galac*c	  center)	  



to	  guide	  comparison	  
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PRL	  103:071101,	  2009	  

expected	  signal	  from	  a	  Supernova	  10Kpc	  away	  (	  ≈	  galac*c	  center)	  



Diffuse	  Supernova	  Neutrino	  Background	  [DSNB]	  
or	  	  Supernova	  Relic	  Neutrino	  [SRN]	  

Hyper-‐Kamiokande	  LOI	  arXiv:1109.3262	  

LBNE: basically no signal because of low statistics  

with	  Gd	  tagging	  of	  neutrons	  



P.	  Fernandez,	  UAM,	  SK-‐Gd	  talk	  @	  ICHEP2014	  



P.	  Fernandez,	  UAM,	  SK-‐Gd	  talk	  @	  ICHEP2014	  



P.	  Fernandez,	  UAM,	  SK-‐Gd	  talk	  @	  ICHEP2014	  



P.	  Fernandez,	  UAM,	  SK-‐Gd	  talk	  @	  ICHEP2014	  



P.	  Fernandez,	  UAM,	  SK-‐Gd	  talk	  @	  ICHEP2014	  



P.	  Fernandez,	  UAM,	  SK-‐Gd	  talk	  @	  ICHEP2014	  



P.	  Fernandez,	  UAM,	  SK-‐Gd	  talk	  @	  ICHEP2014	  



extremely	  prelim
inary	  



Conclusions	  &	  Remarks	  
Europe could be in the race for leptonic CPV and proton decay,  
but it is not  

LBNE seems designed mainly to become complementary  
to Japan regardless of measuring CPV: LArg, low mass,   
new beam ... it will never be competitive (I guess) 

Hyper-Kamiokande is the only experiment ~fulfilling ~all  
the requirements of any new Mega-Project: there is Science,  
there is beam, there is a Laboratory, the technology is there ...  
the only thing that is not yet there is the full support of a large  
enough international community     

Thus,  
if you want to know how CP is violated in the lepton sector,  
you’d better work (within your field) for Hyper-Kamiokande 



Addi-onal	  material	  	  







20140720_RWendell-‐ICRR_HKom5	  



The	  Hyper-‐Kamiokande	  Working	  Group	  (20140402)	  	  



The	  Hyper-‐Kamiokande	  Working	  Group	  (20140402)	  	  



history	  of	  Super-‐Kamiokande	  	  



62	  NNN13	  
11/12/13	  

Atmospheric	  ν	  
oscilla@ons	

Solar	  ν	  oscilla@ons	

K2K	  confirmed	  
atmospheric	  osc.	  
by	  long	  baseline	  ν	  	  	  	  

indica@on	

θ13	  by	  T2K	  

ντ	  appearance	  in	  
atmospheric	  ν	

night	

day	

ADN=-‐3.2±1.1±0.5	  %	  

Solar	  day/night	  asymmetry	

Reconstructed neutrino energy (MeV)
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6 T2K RUN1-4 data
Best fit spectrum
Background component

observa@on	

θ13	  	  by	  	  T2K	  
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physics	  achievements	  with	  Super-‐Kamiokande	  	  



An@neutrino	  tagging	  will	  have	  a	  profound	  impact	  in	  experimental	  
neutrino	  physics.	  	  

Remarkably,	  SK	  will	  be	  in	  the	  posi@on	  of	  discovering	  the	  Difusse	  
Supernova	  Neutrino	  Background,	  and	  the	  next	  genera@on	  will	  measure	  
its	  energy	  spectrum:	  the	  red-‐shi[ed	  sum	  of	  the	  contribu@on	  of	  
supernova	  neutrino	  from	  every	  epoch	  of	  the	  Universe	  	  

In	  addi@on	  
–	  precise	  measurement	  of	  the	  solar	  elements	  in	  the	  leptonic	  mixing	  	  	  
	  	  	  matrix	  from	  nuclear	  reactor	  electron	  an@neutrinos,	  	  
–	  a	  much	  increased	  sensi@vity	  to	  the	  neutrino	  MH	  from	  atmospheric	  	  	  
	  	  	  neutrinos	  and	  an@neutrinos	  traversing	  the	  earth	  before	  interac@ng	  	  
	  	  	  in	  SK	  	  
–	  increase	  the	  sensi@vity	  for	  proton	  decay	  searches	  
–	  others	  coming	  along	  the	  learning	  curve	  



Quasi-‐elas*c	  

Single-‐meson	  

b)	  coherent	  π	  produc@on:	  

DIS	  

ν	  16O	  →	  l	  π	  16O	  	  

a)	  νN	  →	  l	  N*,	  N*	  →	  mN’	  
N,	  N’:	  nucleons	  
N*:	  baryon	  resonance	  
m:	  meson	  (π’s,	  also	  K,	  η)	  	  	  

	  <	  1	  GeV	  	  	  
 	  

neutrino	  

an@-‐neutrino	  

SK	  Collab.;	  PRD
71(2005)112005	  

	  	  	  	  	  	  	  	  	  	  	  	  CCQE	  
	  	  	  	  	  	  	  	  	  	  	  	  CC	  single	  π	  	  
	  	  	  	  	  	  	  	  	  	  	  	  DIS	  
	  	  	  	  	  	  	  	  	  	  total	  

νl	  n	  →	  l	  –p	  
	  _	  
νl	  p	  →	  l	  +n	  (IBD)	  

CC:	  

CC:	  

CC:	  
	  	  	  	  High	  	  
	  	  	  	  	  Energy	  
 	  	  	  	  	  	  	  	  	  	  	  

Elas*c	  

~	  1	  GeV	  	  	   	  

	  	  	  <<	  1	  GeV	  


