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Digest of our previous workDigest of our previous work

 22.5 kton at Kamioka22.5 kton at Kamioka
 100 kton at Korea100 kton at Korea
 5x105x102121POT exposurePOT exposure
 include the include the ““reactor exp.reactor exp.””

Neutrino beam of T2K automatically reaches Korea.Neutrino beam of T2K automatically reaches Korea.

 11ss ~  ~  ±±3030o o 

 w/o antiw/o anti--neutrinoneutrino
 3.0 OAB at SK3.0 OAB at SK
 0.5 OAB at Korea (1000km)0.5 OAB at Korea (1000km)
 DcDc2 = 22 (input : normal)2 = 22 (input : normal)

3.0atSK 2.5atSKsin22qrct = 0.1
dMNS = 0.0
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motivationmotivation

1%1%nonomiss ID (miss ID (mmee))

90%90%100%100%efficiency (efficiency (ee))

6%6%3%3%error of error of rr
2.6/3.0 (g/cm2.6/3.0 (g/cm33))2.8/3.0 (g/cm2.8/3.0 (g/cm33))rr (SK/Kr)(SK/Kr)

ReconstructedReconstructedNeutrinoNeutrinobinning energybinning energy
pp0 0 backgroundbackgroundnonoNCNC

CCQE + CCQE + DD--Res.Res.CCQE onlyCCQE onlyCCCC
this workthis workprevious workprevious work

We study the robustness of the results, 
best combination, hierarchy (Dc2), CP phase (DdMNS).

event selectionevent selection
 only oneonly one mm ((ee))

|p||p| > 200MeV> 200MeV

 no high energy no high energy pp++//pp--

||pp| < 200MeV| < 200MeV

 no high energy  no high energy  gg
||pp| < 30MeV| < 30MeV

 no no pp00/Ks/K/Ks/K++/K/K--

nuance Ver.3.504 (Apr/25,2006)
D. Casper (UC.Irvine)

CCQE

Res.
20000

15000

10000

5000

25000
En = 1GeV

nm(106):mono. energy

400MeV
Erec

total (CC) : 728702
CCQE : 390620
resonance : 129340
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CCQE modeCCQE mode
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coverage: En=0.4 – 6.0GeV

En = 1GeV En = 2GeV

For En Erec conversion : fit function

Resonance modeResonance mode
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coverage: En=0.7 – 6.0GeV

For En Erec conversion : fit function

#G depends on the En
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NCNC

 pp00 eventevent

event selectionevent selection
 only one only one pp00

 nono--mm / / ee
 no high energy no high energy pp++//pp--

||pp| < 200MeV| < 200MeV

 no high energy  no high energy  gg
||pp| < 30MeV| < 30MeV

 no no Ks/KKs/K++/K/K--

 0.5 OAB0.5 OAB
 480 event at 0.2480 event at 0.2--0.4GeV0.4GeV
 300 event at 0.4300 event at 0.4--0.6GeV0.6GeV
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p0 distribution

2.5 3.0

1GeV |pp|

5x1021 POT
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2GeV
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pp00 event cutevent cut
 pp0 0 ((gggg) sometimes seems an ) sometimes seems an ““ee--likelike”” events. events. 

 energy ratio (energy ratio (EE11>>EE22))
EE22 /(/(EE11++EE22) < 0.2  : 100% missed) < 0.2  : 100% missed

 opening angle (cosopening angle (cosqqgggg))
coscosqqgggg > cos17> cos17oo = 0.956= 0.956
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events at Koreaevents at Korea
 ee

 pp00 dominates at low energy dominates at low energy 
((EErecrec<1GeV)<1GeV)

 CCQE event is larger than CCQE event is larger than 
the othersthe others

 EErecrec=0.4=0.4--2.8GeV2.8GeV

 mm
 Almost CCQEAlmost CCQE
 Resonant mode is Resonant mode is 

comparable at low energycomparable at low energy
 EErecrec=0.4=0.4--5.0GeV5.0GeV

Erec1 20

e

m

sin22qRCT=0.1, dMNS=0.0

events at SKevents at SK
 ee

 CCQE event is dominantCCQE event is dominant
 EErecrec=0.4=0.4--1.2GeV1.2GeV

 mm
 Event from resonance is Event from resonance is 

smaller.smaller.
 EErecrec=0.4=0.4--5.0GeV5.0GeV

sin22qRCT=0.1, dMNS=0.0

m

e

Erec1 20



7

DcDc22
 Best combinationBest combination

 mass hierarchymass hierarchy
 CP phase (CP phase (DdDdMNS))

 Effect Effect 
 pp00, r, resonance mode esonance mode 

input and systematicinput and systematic
 SolarSolar

 sinsin2222qq = 0.83= 0.83±± 0.07,  0.07,  ddmm2 2 = (8.2 = (8.2 ±± 0.6) 0.6) ´́1010--55 eVeV22

 AtmosphericAtmospheric
 sinsin2222qq = 1.00= 1.000.96, 0.96, ddmm2 2 = 2.5 = 2.5 ´́1010--33 eVeV22

 matter density matter density (uncertainty 6%)(uncertainty 6%)
 rr = 2.6 / 3.0  (g/cm= 2.6 / 3.0  (g/cm33)) (SK/Korea)(SK/Korea)

 SystematicSystematic
 flux normalization (3%)flux normalization (3%) ((nnmm for SK/Korea)  for SK/Korea)  
 fiducial volumefiducial volume (3%)(3%) (SK  / Korea) (SK  / Korea) 
 CCQE CCQE ss (3%)(3%) ((nn //nn ))
 Resonance Resonance (10%)(10%) ((nn //nn ))
 pp00 (30%)(30%) ((nn ==nn )) #total:17

Senda’s talk
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cc2 2 --rule of the gamerule of the game--
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Reactor experiments helps T2KK to solve the degeneracy.Reactor experiments helps T2KK to solve the degeneracy.

input

expected error
of reactor exp.

ConditionCondition
 fiducial volume fiducial volume (efficiency: (efficiency: ee 90% 90% mm 100%100%))

 SK : 22.5 kton        Korea : 100  ktonSK : 22.5 kton        Korea : 100  kton

 exposure exposure 
 5 x 105 x 1021 21 POTPOT
 no antino anti--neutrino phaseneutrino phase

 basebase--line and offline and off--axisaxis
 SK: SK: LL=295km               with   =295km               with   qq==2.52.5o  o  or  3.0or  3.0oo

 KR: KR: LL=1000=1000--1200 km   with  1200 km   with  qq=(0.=(0.55o o ~ 3.0~ 3.0oo) / 0.5) / 0.5o o stepstep
 Previous results for mass hierarchyPrevious results for mass hierarchy

 3.0@SK3.0@SK and and 0.5@Kr0.5@Kr ((LL=1000km) is the best combination=1000km) is the best combination
DcDc22 = 22, = 22, input : normal,input : normal, sinsin2222qqrctrct = 0.10, = 0.10, ddMNSMNS=0.0=0.0
DcDc22 = 21, = 21, input : inverted,input : inverted, sinsin2222qqrctrct = 0.10, = 0.10, ddMNSMNS=0.0=0.0
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ResultsResults
 Best combination is still Best combination is still 

SK(3.0) and Kr(0.5) L=1000SK(3.0) and Kr(0.5) L=1000
DcDc2=14 (input : normal)2=14 (input : normal)
DcDc2=11 (input : inverted)2=11 (input : inverted)

 contribution to contribution to DcDc2 (normal)2 (normal)
 Previous SetupPrevious Setup 22.922.9
 matter density (SK)matter density (SK) 0.50.5
 resonanceresonance 2.72.7
 density errordensity error --0.60.6
 miss ID (miss ID (mm--e)e) --0.70.7
 reconstructionreconstruction --1.71.7
 efficiency (e)efficiency (e) --2.02.0
 pp00 backgroundbackground --6.76.7
 totaltotal 14.4 14.4 

sin22qRCT=0.1, dMNS=0.0

normalnormal

inverted inverted

2.5@SK3.0@SK

2.5@SK3.0@SK

positive

negative

Contour (input : normal)Contour (input : normal)

25
9

9 25

sin22qrct ~ 0.06

sin22qrct ~ 0.08

DdDdMNSMNS= = ±±3030oo

DdDdMNSMNS= = ±±4545oo

w/o
res. & p0

with
res. & p0
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summarysummary

negativenegativenegativenegativeNC(NC(pp00))

negativenegativepositivepositiveCC (CC (DD res.)res.)

CP phaseCP phasehierarchyhierarchy

““3.0 at SK and 0.5 at 1000km3.0 at SK and 0.5 at 1000km”” is still the best.is still the best.
DcDc2     2     23  23   14   (input : normal)14   (input : normal)

21  21   11   (input : inverted)11   (input : inverted)
DdDdMNSMNS ±±3030o o  ±±4545oo (3(3ss22ss))

The others, reconstruction, matter profile, and so on, do The others, reconstruction, matter profile, and so on, do 
not change the results drasticallynot change the results drastically..

Thank you for your attentionThank you for your attention
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QuestionQuestion

ask: naotoshi.okamura@kek.jp


