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Kamioka mine

(For Solar neutrino analysis)

W -

_ Livetime | Fiducial vol. # of | Energy
Phase | Period e (ktor) PMTs |thr.(MeV)
1996.4 ~ 11146
SK-l 2001.7 1496 (40%) 45
2002.10 223 o182
SK-ll 2005.10 791 (20%) 6.5
2006.7 ~ 22.5 (>5.5MeV)
SK-II 2008.8 043 13.3 (<5.5MeV) 11129 4.5
22.5 (>b.5MeV) (40%)
SK-IV | 20089 ~ | 1669 [13.3 (45<E<5.5) 3.5
8.8 (<4.5MeV)
Kinetl
total 4504 days (ooverage) én'QrZ'y‘i
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)))))

Ee = 8.6 MeV (kin.)

: AN —_ _ | — rs
cosBsun = 0.95 ) ECHD_a—kJ/ ERI
I ) Ve + 0.154(v,+v;)
Times (ns)
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Physics motivation

MSW x5

EXRED

XILF—ZIRYT KN)LDZE M

0_30'8 pp Be pep CNO B Hep -
] 110°
0.7 i 8
Vacuum oscillation Matter oscillation: 10
0.6 -dominant dominant. 107 Regenerate ve by
; : L x10° earth matter effect
0.5 () :
i c 18 1
; N
04 ; g .-:g . . Electron neutrino ExpeCted |
0.3 i 14 Vs - Muon/Tau neutrino (day_nlg ht)/((day+n|g ht)/zz)
9 [ 13 ]
E 12 |
0.2 : 11 ]
E 10 1%
0.1 o o N
0:* Loy | L 10 -2 g 0 _202/0
107" 10 ® - -3%
v Enerav in MeV 3 -4 3/0
Super-K can search for the spectrum “upturn” ¢ | . I
expected by neutrino oscillation MSW effect 0.1 0.2 0.3 0.4 0.5
. 2
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First Indication of Terrestrial Matter Effects on Solar Neutrino Oscillation

A. Renshaw,” K. Abf:,l’29 Y. Hayato,l’29 K. Iyogi,1 J. Kameda,l’29 Y. Kishimoto,l’29 M. Miura,l’29 S. Moriyama,l’29
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LU 0.04_— -
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Amplitude fit

Am?221=4.84x10°eV?2

Am221=7.50x10°eV?2

Straight calc.
(D-N)/((D+N)/2)

SK-| -2.0+1.8+1.0% -1.9+1.7+1.0% -2.1+2.0+1.3%
SK-I| -4 4+3.8+1.0% -4.4+3.6+1.0% -5.5+4.2+3.7%
SK-III -4.2+2.7+0.7% -3.8+2.6+0.7% -5.9+3.2+1.3%
SK-IV -3.6+1.6+0.6% -3.3+1.5+0.6% -4.9+71.8+1.4%
combined -3.3x1.0£0.5% | -3.1£1.0x0.5% | -4.1£1.2+0.8%

non-zero significance

3.00

2.80

2.80

(sin2812=0.311, sin2813=0.025)
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Data/MC(unoscillated)
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0.48

0.46

0.44

0.42

0.4

TXILF—ART KL

- All'SK bhlasle are combined without Ireb:alrdltoI |

)

__energy resolution or systematics in this figure
B (total # of bins of SKI - IV is 83) X2
Solar+KamLAND 70.13
Solar 68.14
quadratic fit o/.0/7
exponential fit 06.54

MSW is slightly disfavored by ~1.70

using the Solar+KamLAND best fit

best fit parameters.

__

parameters, and ~1.00 using the Solar

T

(statistic error only
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: sin2012=0.308 .

0.4 AmZ221=7.50x10°eV/2

SK+SNO
SNO

0.2 Sqle;r 1
- sin<612=0.311
u Am?21=4.85x10-%eV/?

0.1 v'SK and SNO is complementary shape constraints

v MSW is consistent at 10
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B E, in MeV
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SK®D 7+

N B~ O 0

v ~20 tension
in Am?1

'sin2013=0.0242+0.0026
8B flux is constraint by SNO NC data

JSK favors LM solutlon > 30

=
SlIl2 (912

0.033)
= 0. 312+0.025

Ams, = 7.5470 1%

1 [sin 912 = 0. 339*8 o

Sin 912 = 0. 322+8 8?3

Am21 = 7507017

SK+KamLANLC
KamLAND

PRD88, 3,033001 (2013)

- 'l'd | Zd | |

“The unit of Am?2s4
. is 10 eV?
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GADZOOKS!

(Gadolinium Antineutrino Detector Zealously Outperforming Old Kamiokande Superl)

.Gd %= SK [C/aHh T,
Inverse beta deca J.Beacom and M.Vagins,
@2ye0 Phys.Rev.Lett.93(2004)171101
Ve o”' GICHEFOEES NG EH VTR
-7 (ET8MeV) i =,
ZEFE N NIRDRERHEZEETHI T
e+ Gd \ Jx%f:z— ~NU =a§€7€i BT
/ 8 100% - >go1 // :f%rdchis S
8M V cc) forncaptur:\
e 3 o/ L. .. ,_,/' o]
/ B e e/
T gy | CHChorGuSOn/
-AT~30useC oo |
- Vertices within~50cm 20% |
| Gdin
0% : T Water
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GdT X MEEEEER EGADS

(Evaluating Gadolinium’s Action on Detector Systems)
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Events/dayﬂ(ton

i | (4.0-4.5 MeV/(kin.)):
FlSK-l SK-IV
il
1V

2007 2008 2009 2010 2011
4.0 - 4.5 MeV(kin)

KIATLDHEIC L
EL<*x—79F3B2kic

2014128 12H

2012 2013 2014
Year

BIhU fz

DN I TS R%Z

SK-IV flux SK-III flux
Source (3.5-19.5MeV) | (4.5-19.5MeV)

energy scale +1.14,-1.16% +1.4%
energy resolution [ +0.14, -0.08% +0.2%
B8 spectrum +0.33, -0.37% +0.2%
trigger efficiency +0.1% +0.5%
angular resolution | +0.32, -0.25% +0.67%
vertex shift +0.18% +0.54%
BG event cut +0.36% +0.4%
hit pattern cut +0.27% +0.25%
another vertex cut removed +0.45%
spallation cut +0.2% +0.2%
gamma cut +0.26% +0.25%
cluster hit cut +0.45, -0.44% +0.5%
BG shape +0.1% +0.1%
signal extraction +0.7% +0.7%
Cross section +0.5% +0.5%

Total

FHIRMLRFBRRARS

1.7 %

(+3.5, -3.2 % for SK-I)

2.1 %
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BREEID Am?2:1 AKTF &

SK-I/I/11/IV Combine Day/Night Asymmetry

2 L[L1o Solar o KamLAND _
e O £ 1 =
S 3.00| [290 [2.80 -
< 4 expected T
5 -
Z -
%’ : Pt
R[5
C SK-LILIILIV best fit T
4 . =
Day/Night asymmetry N
- | . | (sltralgh’f calcullatlon)I | -
_52III4III61I 8III1OIII12III14III16III18I I2I2OIIIg2
Am UOeV)

2014128 12H
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Solar region

Vv differ from zero
by 2.9~3.00
v agree with expect
by 1.00

KamLAND region

Vv differ from zero
by more than 2.80
v agree with expect
by 1.30
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Data set for global solar analysis

The most up-to-date data are used
v SK:
- SK-l 1496 days, spectrum 4.5-19.5 MeV(kin.)+D/N:Ekxin>4.5 MeV
- SK-Il 791 days, spectrum 6.5-19.5 MeV(kin.)+D/N: Exin>7.0 MeV
- SK-Ill 548 days, spectrum 4.0-19.5 MeV(kin.)+D/N: Ekin>4.5 MeV
- SK-IV 1669 days, spectrum 3.5-19.5 MeV(kin.)+D/N: Exin>4.5 MeV
v, SNO:

- Parameterized analysis (co, c1, C2, a0, a1) of all SNO phased. (PRC88,
025501 (2013))

(Note: the same method is applied to both SK and SNO with ap and a1 to LMA expectation.)
v" Radiochemical: Cl, Ga
- Garate: 66.1£3.1 SNU (All Ga global) (PRC80, 015807 (2009))
- Clrate: 2.56%0.23 SNU(Astrophys. J.496, 505 (1998) )

Borexino: Latest 'Be flux (PRL 107, 141302 (2011))

KamLAND reactor : Latest (3-flavor) analysis (PRD88, 3, 033001 (2013))

8B spectrum: Winter 2006 (PRC73, 73, 025503 (2006))

8B and hep flux free, if not mentioned.
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