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Physics Motivations 

- Mass hierarchy and CP violation 

- Baryon number violation 

- Atmospheric neutrinos  
       (oscillations) 

- Supernova burst neutrinos 

- Supernova relic neutrinos 

- Solar neutrinos  

... 



MINERvA 

MiniBooNE 

MINOS (far) 
at 2840 ft level 

5 kton 

MINOS (near) 

operating 
since 2005 
(350 kW) 

NOvA (far) 
Surface 
14 kton 

under construction 
online 2013 
(700 kW) 

MicroBooNE 
under 
construction 
(LAr TPC) 

NOvA 
(near) 

1300 km 

LBNE Far detector at 4850 ft level 
700 kW  2.3 MW(Project X) 

LBNE: Next-Generation Oscillation Experiment in the U.S.!

MINOS(2005-~2015)  NOvA(2013-~2022)  LBNE(~2022-~2040?) 

Young-Kee Kim, August 27, 2012, HEPAP Meeting 4 

I will discuss 
this new 
program 



 LBNE beam 

1300 km baseline,  
  new 700 kW beam, 
  6.8 x 1020 POT/year 
 designed to cover 
  oscillation maxima 

Normal  

Inverted 

flux folded with  
cross-section 



2010                     2011                      2012 

LBNE Physics Study 

Under consideration: 
100-300 kt water Cherenkov, 17-51 kt LAr 
 (collaboration preference for combination) 

A lot has happened since then... 



2010                     2011                      2012 

National Science 
 Foundation 
 will not 
 build DUSEL 

Further reports 
affirming science 
case (NRC/BPA, 
Marx/Reichenadter) 

Becomes clear 
that both 
technologies are 
not affordable 

vs 



W+ 

d u 

νl l- 

νl + N → l± + N' 

What you’re looking for experimentally:  

charged-current 
quasi-elastic  

electron flavor appearance on top of background 
                        (NC, beam νe, mis-ids)  

A WCh 
detector 
needs to  
cut hard  
to select 
clean QE  
events 

A LAr detector (in principle) 
  reconstructs everything  



34 kton LAr ~ 200 kt WCD because of better LAr efficiency:  
  detector sizes for technology choice set for 
         ~ equal oscillation sensitivity 



Sensitivity to oscillation parameters 

 Similar oscillation sensitivities  
    (by construction) Large θ13 is 

good news! 



And the deep site 
 (4850 ft at Homestake) is favored 

2010                     2011                      2012 

Liquid Argon  
selected 



Signal Energy range Expected Signal  
Rate  per kton of  LAr  

(s-1 kton-1) 
Beam neutrinos 
(CP violation/
mass hierarchy) 

~ GeV 5 x 10-4 osc νe in beam 
window 

Proton decay ~ GeV < 2 x 10-9 

Atmospheric 
neutrinos 0.1-10 GeV ~10-5 

Supernova burst 
neutrinos few-50 MeV ~3 @ 10 kpc 

  over ~30 secs 
Solar neutrinos few-15 MeV 4 x 10-5 

Supernova relic 
neutrinos 20-50 MeV < 2 x 10-9 

12 



handsome, 
distinctive 
events crummy little 

stubs 

Signal Energy range Expected Signal  
Rate  per kton of  LAr  

(s-1 kton-1) 
Beam neutrinos 
(CP violation/
mass hierarchy) 

~GeV 5 x 10-4 osc νe in beam 
window 

Proton decay ~ GeV < 2 x 10-9 

Atmospheric 
neutrinos 0.1-10 GeV ~10-5 

Supernova burst 
neutrinos few-50 MeV ~3 @ 10 kpc 

  over ~30 secs 
Solar neutrinos few-15 MeV 4 x 10-5 

Supernova relic 
neutrinos 20-50 MeV < 2 x 10-9 



Signal Energy range Expected Signal  
Rate  per kton of  LAr  

(s-1 kton-1) 
Beam neutrinos 
(CP violation/
mass hierarchy) 

~ GeV 5 x 10-4 osc νe in beam 
window 

Proton decay ~ GeV < 2 x 10-9 

Atmospheric 
neutrinos 0.1-10 GeV ~10-5 

Supernova burst 
neutrinos few-50 MeV ~3 @ 10 kpc 

  over ~30 secs 
Solar neutrinos few-15 MeV ~4 x 10-5 

Supernova relic 
neutrinos 20-50 MeV < 2 x 10-9 

Potentially harder 
to select (esp. 
low energy end) 
but arrive in a 
burst  
(and bg can be 
well known) 

Very hard to select 
and intolerant of bg 

Easy to pick, 
somewhat more 
tolerant of bg 

Easy to pick from 
bg, but highly 
intolerant of bg 

Easy to pick from 
bg due to 
beam time & 
direction 

Hard to select and 
intolerant of bg 



Dr. Brinkman (DOE Office of Science Director) 
     to Pier Oddone (Fermilab Director): 

2010                     2011                      2012 

feedback 
from DOE 



http://www.fnal.gov/directorate/lbne_reconfiguration!

LBNE Reconfiguration 

Report of Reconfiguration Steering Committee,  
3 viable options 

Preferred 
option 



Mass 
hierarchy 
and CP 
violation 
reach 



R. Svoboda 



• best for beam osc 
• good upgrade potential 
• no Phase 1 non-beam physics 
• most expensive 
• CR on surface 

• weakest for beam osc 
• weak upgrade potential 
• broad non-beam physics 
• mid-range cost 

• good for beam osc 
• weak upgrade potential 
• no non-beam physics 
• lowest cost 
• CR on surface 



10 kton LAr on the surface at Homestake 



M. Diwan, HEPAP, August 2012 

$135M extra 
to go  
underground 
and recover  
non- 
accelerator 
physics 



M. Diwan, HEPAP, August 2012 



Original plan was scaled back due to  insufficient 
       funding... but final result still pretty good! 

 Summary 
LBNE reconfiguration due to funding constraints: 
     10 kt LAr on the surface at 1300 km;    
        still has excellent CP & MH reach 

Resources to go deep would vastly enrich the program; 
       significant potential for collaboration  



lbne.fnal.gov/symposium-oct2012.shtml!



Backups/Extras 



Good for beam oscillation physics, 
but non-beam physics lost in Phase I 

With these options, 
LBNE CD1 review planned 
for Oct/Nov 2012 



Mass hierarchy and CP sensitivity vs. 
baseline!

28 

~1,300 km is nearly  
 optimal for a combined 
 sensitivity of CP  
 and mass hierarchy 
 measurements. 



Cost of LBNE reconfiguration options 



Project X 

More protons for Fermilab  
  for multiple purposes, including  
  a high-intensity neutrino beam 



Non-beam physics, possible underground 


