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absolute masses? 

The questions 
mass ordering? 
(ñhierarchyò) 

|U‘3| = |U†3| ? 
(ñmaximal mixingò) 

UPMNS has ñfirst-orderò 
structure, contrast with UCKM  

(model building, unification, 
new physics, ...) 

 

unitary? 

leptonic CP violation? 

Majorana or Dirac? 

Light sterile states? 
(experimental anomalies) 

GUT-scale physics? 
(see-saw connection) 

astrophysics/cosmology 
(solar ’, supernovae, DM, 
ultra-high-energy ’, C’B) 

éand more (geoneutrinos, 
nuclear processes, ’ interactions) 
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òSolaró parameters —12 and Dm2
 21 

Dm2  = (7.50        ) Ĭ10-5 eV2 
21 ï0.20 

+0.19 

sin2(2—12) =  0.857 ï0.025 
+0.023 

Measured solar ’ fluxes 

KamLAND L/E oscillation signature 

ÅSNO (solar), Super-K (solar), KamLAND  

(reactor) and others 

ÅNo big change expected from current experiments 

   (Future reactor expts. [e.g. JUNO] in the works) 
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Combination 



ÅSuper-K (atmospheric), MINOS (accelerator), 

T2K (accelerator) and others 

ÅMeasurements still rolling in  (see later). 
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òAtmosphericó parameters —23 and |Dm2 |  32 

|Dm2  | = (2.32        ) Ĭ10-3 eV2 
32 ï0.08 

+0.12 

sin2(2—23)  > 0.95  (90% C.L.) 

Simple but incomplete 
way of summarizing 
things (more lateré) 
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Recent prize: —13 

ÅLast mixing angle to be bracketed.  Previously just 
known to be small relative to —12, —23 

ÅReactor expts. using inverse beta decay:  ’  e + p ­ e+ + n 
   prompt e+ signal, delayed n-capture signal 

Outer buffer region 
surrounded by PMTs Gamma catcher 

(undoped scintillator) 

Target region 
(Gd-doped scintillator) 
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a bit of ’e? 

(Double Chooz) 
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Gamma 
catcher 

Target 
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—13 from reactor measurements 
Daya Bay: 

Double Chooz: 

RENO: 

Multiple detector sites, 8 detectors in total, rate+shape signal extraction. 

Best precision for this generation of experiments (4% by end of 2015). 

sin2(2—13) =  0.090 ï 0.009 
+ 0.008 

FD only so far, ND running to start this year. 

Recent update: n-Gd, n-H captures and reactor rate modulation (bckgnd control) 

sin2(2—13) =  0.097 ±  0.035 

2 detectors, rate-only analysis so far.  

7% measurement by end of 2015. 

sin2(2—13) =  0.100 ±  0.018 
Daya Bay data as example. 

Deficit consistent with oscillations. 

Daya Bay 



Long-baseline experiments 

Á—13>0 ᵼ NO’A, T2K, (MINOS) can probe 
mass hierarchy, 23— ,‏ octant 

  Also: |Dm2  |, sin2(2—23), ’/’   comparisons, 
 steriles, NSI, cross sections, supernova 
 

ÁLBL experiments with different goals: 
    OPERA   (’† appearance, ToF, é) 
    ICARUS   (LAr  R&D, ’† appearance, steriles, é) 

 Have to leave out for timeé 
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MINOS 

T2K (Super-K)  

NO’A 

OPERA ICARUS 
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