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Short ReviewShort Review
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matter effectmatter effect
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Basic StrategyBasic Strategy
 transition probability

 “transition probability” sensitive to the sin2qatm

 When sin2qrct is measured by the reactor experiments, 
sin2qatm will be determined from transition probability

 “Long” base-line enhance the matter effect.
 guess “T2KK is better than T2K for  octant.”

 T2KK can solve the mass hierarchy.
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Numerical AnalysisNumerical Analysis



ConditionCondition
 fiducial volume (100% efficiency)

 SK      :  22.5 kton
 Korea :  100  kton

 exposure time
 5 years with 1021 POT/year (0.8MW)
 T2K-I running time

 base-line and off-axis
 SK L=295km     OA angle q=3.0o

 Korea L=1000km   OA angle q=0.5o



place and OABplace and OAB

maps are in 
http://www2.yukawa.kyoto-u.ac.jp/~okamura/T2KK

100Kton 22.5Kton



input parametersinput parameters
 SolarSolar

 sinsin2222qq = 0.84= 0.84±± 0.07,  0.07,  ddmm2 2 = (8.3 = (8.3 ±± 0.6) 0.6) ´́1010--55 eVeV22

 AtmosphericAtmospheric
 sinsin2222qq = 1.00,             = 1.00,             ddmm2 2 = (2.5 = (2.5 ±± 0.5) 0.5) ´́1010--33 eVeV22

 matter densitymatter density (uncertainty : (uncertainty : ±±3%)3%)
 rr = 2.8 / 3.0  (g/cm= 2.8 / 3.0  (g/cm33)) (SK/Korea)(SK/Korea)

 othersothers (uncertainty : (uncertainty : ±±3%)3%)
 flux normalizationflux normalization (each species)  (each species)  
 CCQE cross section      (CCQE cross section      (nn / anti/ anti--nn))
 fiducial volume       fiducial volume       (SK  / Korea)(SK  / Korea)

#total parameters:16

0.99,0.96,0.91



Event NumberEvent Number
 CCQE event

 easy reconstruct the neutrino energy
 easy distinguish, e-like, m-like

 Binning
 bin width : 200MeV
 summation region (#event > 10)

 0.4 – 5.0 GeV for m-like (SK/Korea)
 0.4 – 1.2 GeV for e-like  (SK)
 0.4 – 2.8 GeV for e-like  (Korea)

 BG
 beam contamination
 NOT include NC background (p0!gg,  e-shower)



Systematic errorsSystematic errors
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octant in T2KKoctant in T2KK
input:q<p/4 input:q>p/4

input : sin22qrct= 0.10±0.01
d = 0,90,180,270
normal hierarchy

sin2qsin2q
sin22q

q>p/4q<p/4

0.650.350.91
0.600.400.96
0.550.450.99

4s3s1ssig.

0.910.960.99sin22q



Reactor experiment Reactor experiment 

input:q<p/4 input:q>p/4

with
RCT.

without
RCT.

0.96



Far detectorFar detector

input:q<p/4 input:q>p/4

T2KK
(w/ FD)

T2K
(w/o FD)

0.96



CP CP vsvs RCT plainRCT plain

input:q<p/4 input:q>p/4

normal
hierarchy

inverted
hierarchy

0.96

0.40 0.60



impact from octantimpact from octant
to the othersto the others



mass hierarchy mass hierarchy 

event number mainly determine the hierarchy

0.50
(1.00)

0.60
(0.96)

0.40
(0.96)



CP phase (CP phase (sin2qatm=0.40) ) 
0.0 90

180 -90

error of CP phase is not drastically changed



CP phase (CP phase (sin2qatm=0.60) ) 
0.0 90

180 -90

error of CP phase is not drastically changed



summarysummary
 Need “reactor experiments”

 transition probability proportional to 
sin2qrct sin2qatm

 Need “Far detector”
 matter effect enhance the transition probability
 mass hierarchy can be solved

 impact from the octant degeneracy to…
 mass hierarchy : large sin2qatm : good!!
 CP phase : there is additional region

error of CP phase not so different



Get It ??



probabilityprobability

input:q<p/4 input:q>p/40.96

normal
hierarchy

inverted
hierarchy

0.600.40



looks like 
this one

Do you know
“penguin diagram”??




