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Super-K solar rate measurements are fully consistent
with a constant solar neutrino flux emitted by the Sun.

Sun spot number: http://www.sidc.be/silso/datafiles
Source: WDC-SILSO, Royal Observatory of Belgium, Brussels.
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SNO: NC current, Phys. Rev. C88 (2013) 025501.
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SK VIV LMA Spectrum
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Non-standard models to predlct flat spectrum
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Global oscillation analysis input=»

& sK

SK-1 1496 days, Spectrum : 4.5-19.5MeV(kin.) + D/N : Ekin=4.5MeV

SK-1l 791 days, Spectrum : 6.5-19.5MeV(kin.) + D/N : Ekin=7.0MeV

SK-11l 548 days, Spectrum : 4.0-19.5MeV(kin.) + D/N : Ekin=4.5MeV

SK-IV 2365 days, Spectrum : 3.5-19.5MeV(kin.) + D/N (1664 days) : Ekin=4.5MeV

arXiv: 1606.07538.

#sNo Updated from PRL 112 (2014) 091805.
- Parameterized analysis (c0,c1,c2,a0,al) of all SNO phased published in
Phys. Rev. C88 (2013) 025501. The same method is applied to both SK and SNO
¥ Radiochemical (Ga, Cl) with ao and a1 to LMA expectation.

- Garate 66.11x3.1 SNU (All Ga global), Phys. Rev. C80 (2009) 015807.
- Clrate 2.56+0.23 SNU, Astrophys. J. 496 (1988) 505.

& Borexino

7Be flux, Phys. Rev. Lett. 107 (2011) 141302. Does NOT include Borexino pp 2014.

€ KamLAND reactor

Nature 512 (2014) 383.

- 3-flavor analysis , Phys. Rev. D88 (2013) 033001.

€ 2B spectrum

- Winter 2006, Phys. Rev. C73 (2006) 025503.
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3-flavor oscillation analysis

“2 8l \" i PR IS — (0.3117 - 2<=
<] 6 / ’/, | - = — 1
4 ‘25 : S0 _' 4. — —1 ) | -
2 [ 4 E— L2
L1 |
2027 1l sin2 fy,= 0.316+0-034
@ Preliminary 1° 12— Y-2+Y—-0.026
= Filled region 3 o 1 . - _
® | sin® 613= 0.01017 033
1 P o /
\ olar global | s1in” f10= [_]..f’il{}fg:gié
Solar global ¢ i ~an—+0.014
I. [ . - p— -_)[ _|_ .
0.1 + KamLAND | |57 O13= 0.029 6715
KamLAND § & |y
0.0 0.1 0.2 0.3 0.4 052 4 6 8
sin%(®,.,) Ay®

CNFETEFIF(short-base line)[Ck DB E A (sin0,3)ZFHIRL TR EZLI=A,
—DHIRZEFRSE3-flavoriR BN T H1T 2 50 2052 Tnon-zeroDEE1F7-,




Page. 22

Tight Fiducial volume

3.5-4.0 MeV 4.0-4.5 MeV 4.5-5.0 MeV
(SK-IV new energy thresholdﬂ)ﬂ (energy threshold in SK- III) (energy threshold in SK-1)
5

£ ISE T — I E S
N B - ~

16.45 kton

-15 15 15
100 150 20
m Color event/day/bm réfm’] rm’]
. _EO-OG UL DL L DL L UL UL DL ! vt
@ solar v observation €  ISK-1(4.5-5.0 MeV(kin))
© 0.05 ’ ¢
Elastic scattering %
T 0.04
v,+e -uv,+e @ 2
- >0.03
Solar neutrino signals
are seen around o 0.02 =
cosOsun =1. —sun .§un h sy -
k d t 0.01— ]
Bac groun. th:-:n SK IV Prellmmary_
-> Other direction oL ——

1 | L1 1
)7~ 08 06 -04 02 0 02 04 06 08 1
(cosOsun<0) cos6



Page. 23

T—32)F 3 1&0)4 '\/F%I

OSK-IVTDER > bl -
~ = “'45 —4+— After 1st reduction 3
EIr)LF—MEET, o F After spallation cut
BGZHIZ A EITHTh = 107 = == After ambient cut E
S - IJg.f’usnl' exterrlial(gl&t V) .
_ o T 10°e ™ —— Final sample - =
FRRAIZ, ;f NI > B . —+ Final sample (SK-lll) -
1/2~1/3 BEFTHA =, S e TP, E
- D t_ *'_"‘_:g_."—%- *'_._'-—o—- —:
EHYMLDRMBEE G/ ¢ ey e, S
MCEmL\TEF%OT:o 10‘1;— -ﬂ-"“"-a-_ﬂ_ _._;
g 2T 1 i :
Sa | aEACEN K LE .
g - b
§14_‘3.5-4.0Mev 1 4000 S P T SR R
$ o SKAII! E 4 6 | 8 10 12 14
- E Recoil electron kinetic energy [MeV]

MMW

(=] [ += [=1] [+
= |

3.5 - 4.0 MeV(kin)

Ll i
2007 2008 2009 2010 2011 2012 2013 2014 2015

Year

1st reduction: EAKTHYE

Spallation : FHESA—FVICKEBZBERDBGEHYE
Ambient: fitting M quality PringD/\2—2 (2 KDYk
External: S} SR SHRIZ & HBGZE AV

Final sample: Tight FV 2 D REMWLEKBARU LT T )L



L Jo il

E&OARUELAREEL,

E
BypassBIRDZEIL |  mintena

-4dmto00m

“Am~0m

1
O 20 a0 60 80 100 20 10 160 W80 200 220
2 [md

PR TARULARDELEH =0 15 e

IR : BypassRID AR 3
H : BypassB DA

Z< -SmG)ﬁEﬁF‘is

ARVEFRIZKEGELDHY,

Z> -SmG)ﬁEEE-G‘j:s

ARV MIZEILLEL
>EKERIED Rn [ZERELTLNA...

H 12
138
16 alter
14 =
12 H
10
S A
&
£ BAERER
% 20 40 60 80 100 120 140 160 180 200 22

s

S EE[RTOEA

r2 > 140 (r > ~12m) ) FEIE (B -1 3k)
> BALHIGEBBENRZDS,

SKDEEE(PMT, FRP)ERD S ?

I 16m~-12m

3 T TR TUUE PN PO |
% 3630 60 80 100 0 140 180 10 200 220
w2 [m]

12mto 1
— before
—after

4m interval

F 12m~16m




Solar cycle 21 Solar cycle 22 splar cycle 23,Solar cycle 24
CABENORMIGER | = ) Gy Gt}

fEe 5, : : =

ABEBENIERREED, F5E I, - R 3
£ & Solar cycle 24 D&, 7 'Y e -':':-{-, P e -.::‘."'.?‘:‘ h.'& =
Solar cycle 24 [EFRTIFAL, S5 & %o ""w VI oA
éﬁﬁo)%)ﬁ&bgwﬁb\o - B e 1980 19? 1990 1995 2000 EH 24:.:15 f
SRABLHBOEE | | :

RRIEIAXEZRETRAABIC § 3
SEEEIS (~0.3T) ERE, =

RABMNBKICEDLEIS, | 5E 4,
ABOTHBBLEX, ;oW
- gﬁb‘*ﬁﬂﬂ’&ﬁ?o 5 ‘5“" ,.ﬂl& lt! A

R AR a\‘ H KI%G)W'CG)W%
ig;%_t;ﬁuézg ’.‘3175\ - http://soIarsuence.msfc.nasa.gov/greenwch/spot_num.:;ai
3 4 s H o .

http://wso.stanford.edu/meanfld/MF_timeseries.txt
http://wso.stanford.edu/Polar.html



@ HomestakeEER

Ar DERENRR[BEREEZF>TVHERE.
RRBAR/DOEIC, Ar DERELSRKX,
ZDIEAZEH 3 cycle DM TREER (cycle 20,21,22), |, KAMIOKANDEH

R (Ia;-
0.8}
¢ KAMIOKANDESEER ;
= o0.6f
Solar cycle 22 O HAfH IZ&RRI > RS (X HEL Y, ﬁ’ﬂb‘
8
Solar cycle 20 _ Solar cycle 21 Solar cycle 22 0-2p :
B S/ S8 ArDERE e 85 o0 9z 94 96
. - Year
L 10 R R RAREE) 2o Solar cycle 22
§ a2 - | | o I B .(Ih).
g f../[ 7° é ©200 .
P . . ‘ z g‘, o o':
E o5 1 g -; ~"o . .o.:
5 S ANTY DA
5 _ R " : £ E y N
e Nyl L {150 8 2 s0f °* s X B
& A - v & Wy o8
= BEBBX A N R B B Lol
DL o I N Al B o s R N O O R Y B O 8¢ 88 80 %% 94 96
1970 1975 1980 1985 1990 1995
R. Davis et al. Prog. Nucl. Part. Phys., Y. Fukuda et al. Phys. Rev. Lett.,

32 (1994) 13 77 (1996) 1683



Page. 27

BImAEE R
& B2 R R R

Homestake EERDFERZ AT B0, LN ONDETILHIRE,

¢ A. Cisneros, Astrophys. Sp. Sci. 10, 87 (1971)
Y& M.B. Voloshin, M.I. Vysotskii, L.B. Okun, Sov. Phys. JETP 64, 446 (1986)
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Does sunspot number affect the solar B flux?

To check the stability of the observed 2B solar neutrino flux,
The flux vs the sun spot number is evaluated.

Since the value of slope is consistent with 0,

no significant correlation is observed using 20-years SK data.
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B2 D ifif1(Day/Night flux asymmetry)
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Day-Night Asymmetry
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@ zenith angle distribution

Clear flux difference between day-time and night-time.
Solar neutrino flux during night-time is higher than day-time.
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Updated from Phys. Rev. Lett. 112 (2014) 091805.
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