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History of Super-Kamiokande

96 | 97 | 98199 | 00| 01 02 |03 |04 0506 |07 08 09 0 M2
I ) EE—

SK-II SK-III SK-1V

SR
Aug-2002 0 =l ‘Q% L

.

SK-111 ff |- S -1\

11146 ID PMTs 5182 ID PMTs 11129 ID PMTs Electronics
(40% coverage) (19% coverage) (40% coverage) Upgrade
E
oecbold 5.0 MeV 7.0 MeV 5.0 MeV ~4.5MeV < 4.0 MeV
(Total energy) ~4.5 MeV ~6.5 MeV ~4.5 MeV ~4.0 MeV <~3.5 MeV
(Kinetic energy) Current Target
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pp-chain
%: 1012 T T
= (Bahcall-Pena-Garay-Serenelli 2008) 3 2 + — o
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A N 14%"'_’f O ot Super-Kamiokande -! P LR
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1
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’ 1
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EBe” > 2 %He
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« FILLWERZFROI=OD/INTAZ

— Multiple Scattering Goodness

o SK-IV DT—REENTIEE

— 2008/10~2012/03 SK-IV 1069 days (cf. SK-1 1496
days)

o SK-IVTDRIMIREDHE
o SK-IVT—RZEHI==21—r) /IRENFEAT
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Multiple Scattering Goodness (MSG)

B BEIRILX—ERERZOHIH
— 241Bj FHIE D EF (3.27MeV)

i

CETALF BRI SEHEEZGEOTD. HADESEEA
IRILEZL{ED, 2Low Goodness

- BIRILEF—BRIL. FoICEAZEMUANINLOAMITELY,
= High Goodness

R RORREERIR)

“BREAM”  (BAEAIHIILOF)

BESAOES ; ;
VSO® mm Ao L% ;
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Systematic uncertainties on

5B flux

Preliminary

SK-IV Flux SK-11l Flux SK-I Flux
Source (4.0-19.5MeV(kin)) | (4.5-19.5MeV(kin)) | (4.5-19.5MeV/(kin))
Preliminary (PRD83, 052010 ) (PRD73,112001)
Energy Scale +1.2% +1.4%
+1.6%
Energy resolution +0.15% +0.2%
8B spectrum +0.33% +0.4% } +1.1/-1.0%
Trigger efficiency +0.1% +0.5% +0.4/-0.3%
Vertex shift +0.17% +0.54% +1.3%
Reduction +0.6% +0.9% +2.1/-1.6%
Spallation dead time +0.1% +0.2% +0.2%
Background shape +0.1% +0.1% +0.1%
Angular resolution +0.36% +0.67%
+1.2%
Signal extract method +0.7% +0.7%
Cross section +0.5% +0.5% +0.5%
Total +1.7% +2.2% +3.5/-3.2%

The total systematic error on total flux in SK-1V is reduced by front-end electronics
upgrade, precise calibrations, and software improvements



Evegt/day/kton/bin

0.05 -

0.025 -

SK-IV: low-energy solar signal

Ekinetic=305'4.0Mev

SK-IV fitted signal =
763+113-111 (stat.) events

d I : Background |
=== : Best Fit
: 0.5 0 0.5 :

coseSun

Preliminary May 2012

SK-11l SLE1+2 298days

Trigger efficiency
SLE1 (212 days)
>99%@4.5MeV,;,

SLE2 (87 days)
>98%@4.0MeV,;,

€— SK-IV 1069days

Trigger efficiency
>99%@4.0MeV,;,
~86%@3.5MeV,;

We are planning to lower
the energy threshold
more by a new intelligent
trigger system (hardware
is ready in Dec. 2012)



Event/day/kton/bin

SK-1V solar neutrino flux

Preliminary May 2012

SK-1V 4.0-19.5MeV(kin) 8B Flux in each SK phase

0.3—— :a 06_ |
: @ ¢ :Data | © | Statistical [stat.2+ syst.2
i YT Background | golss_ average: % stat. err. i
- Q Best T '3 L 0.451+/-0.007 ‘
0.2} | | 19
. . o J—
_ - 205" _
12T ! ~
o — e
| - S045— . E—— e —  E—
0.1} i gt g
' E 0.4__ ]
2.34+/-0.03(stat.)+/-0.04(syst.) v, - For vertical scale: i
[x108/cm?/s] I ¢8s=5.25 X 10° [/cm?/s] -
I o ] 0.35 | | |
0—1 -0.5 0 0.5 1 1 2 3 4
cosf, SK phase

m Consistent flux values within statistical error are

observed among SK phases



Day-Night variation

Preliminary May 2012

* Un-binned Day-Night analysis (PRD69, 011104) is applied in each SK
phase, then obtained Day-Night asymmetry values (=A,) from
fitted Day-Night amplitude parameter.

— Consider energy and zenith angle dependence of event rate variation.

Day flux — Night flux

Apn= .
0.5 (Day flux + Night flux)

Apy (Estat.sys.)
SK-I -2.0X£1.7£1.0%
SK-II -4.31+3.81+1.0%
SK-III -4.3+£2.7+0.7%
SK-IV -2.81+1.91+0.7%
SK combined -2.8+1.1+0.5%

Day-Night asymmetry

consistent with zero @ 2.3 ¢

SK combined D-N asymmetry values

IR
o
T 1 T I T 1 T
|

AN
mrml

D-N Asymmetry [%]
=
‘-

- | Am,,2=4.84 x10°°
| sin20,,=0.314

W
o
T T I

6 10 14 18
Recoil electron kinetic energy (MeV)




Day/Night Asymmetry (%)

Preliminary

SK- I/II/III/IV Day/Night Asymmetry

|_ I I I | | | I I I | I I I | I I I | I I I | I I I | I I I | I I I ]

: snn2912-0 314 :

0- -
1 :—

-2 /’/’l

-3 _:

4 SK-LIL 1111V Best Fit Expected _:

16 Kamland —

L 1o Stat. + Sys. 1o Solar _

| | ] | | | ] ] | | | ] ] | ] | ] | ] ] | | | ] ] | ] | ] | ] ] | _l

=) 4 6 § 10 12 14 16 18 20 22

Am2, (10%eV?)



8B energy spectrum (SK combined)

Data/MC (unoscillated)

E
'II|'[|'II|'||'II|'||'I

XZ

sin%012=0.304,
Am?3=7.41-107>eV?

SK spec: 79.02
(global: 84.07)

sin%012=0.314,
m?2=4.8-107eV?

SK spec: 76.54
(global: 80.40)

SK spec 75.29

SK spec 75.23

0.45

0.4

-
fb—
f—
P
-

Preliminary
¢85 [/cm?/s]| [For vertical scale:
5.34-10° ¢ss=5.25 X 106
(5.24-10°) ¢bhep=7.88 X 10° [/cm?/s]
] I ]
5.47-10° i
(5.32-10°) -
5.25-106 E
5.53-10° | ]

unoscillated shape
favored by ~“1.1to0 1.90

16 18
E.. in MaV
12

Recoil electron kinetic energy (MeV)



B sin2013 is fixed

SKonly:0,,-Am,,?

at 0.025

36 !

S PR Mg

_________________________________________________________________________________________________

LI
”

_________________________________________

Filled area: 30
T T T T ]sin%(0,,)=0.309+3343
1Am2 =(7.4992)10%eV?
lsin?(©,,)=0.339+0928
T AM3,=(4.69712)107%eV’
1sin*(©,,)=0.322*3 3

=
Eflu

. :An?f,;(y_clle;g-zﬂ)jof‘evz

1]

X

May 2012

Preliminary

rained

nstrained to
106 /cm?/s]

\ND only
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Solar global : 6,, - Am,.*
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rawllata

Data reformat
for offline

reformaled data

Event fitter
and time
cluster search

4

When a cluster
is found, alarm
is issued

2012/12/7

SNwatch
Introduction

* When the alarm is issued, the experts are notified.
* Time cluster selection criteria:

Silent alarm 7 8 13
Normal alarm 23 27 39

The alarm is issued if one of the above conditions is
satisfied. The normal alarm is issued when the
cluster satisfies the normal alarm criteria above
and R .., >900cm, where R__.. is an average
distance between vertices. The golden alarm also
requires 100 events in 20 sec. window, R, .., value
greater than 550cm and vertex distribution

dimension of 3.
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SN direction fit

i IC - I:l.'l
B0 ) I-'r.--:lr-l _:I:.:L
s | B
* Based on Maximum Likelihood - | oW oo
methedt N “ BT L aesm
L £ P . -':l'n.'_ . _"l.l.l
L _ em(ZNf )H LI 4[' : -I:. ',LII. Fi LaT4Ze=01 £ 1GUHESE :-'I |
where, ) i f’ ! ' |." _ﬂ : ﬂﬁiﬂiiﬁ—gn}emf_—(ii;:&?ﬂ}}
Li = Z‘Nrpr(Eiadf.;dSN) r=v.p.ve, alldree 30 | Iil! |‘|; 5. —2.44+0.07(deg)
Kk =1~15 isthe energy binning. 1= event index 20 _I Vg, =-0.09+0.06
« Pris probability density function, 31 ['1
obtained using MC. 10 { A
« The likelihood function is : “"ﬂl_ﬂﬁ
. . f A T P L .1 -1 L ] T B
maximized so that: 0 2 4 6 & 10 12 14 16
A8 (de
oL oL Direction difference between fitted and genera{teg at
NF = 5& =0 10kpc SN obtained with 1000 MC samples.
r SN

MC w/o neutrino oscillation based on a model [1],
fitter is applied.

[1] T. Totani et al., ApJ) 496, 216 (1998)
2012/12/7 17

12 variables total are varied.



SNwatch
Summary

* SNwatch system has been in operation
— No SN has been found.

* SN direction can be determined
* 2.4 degrees precision, for SN at 10kpc.

—Current
Plan: offline I =
— Install online machines for - E é
dedicated for SNwatch (4pcs, y E Raw ;3 Reformat §’
A8cores) i data |5 data
e during T2K off-time in Dec., )
2012 —Plan Online machines R
— Web server machine for T Monitor
monitoring SNwatch 3 % § ;% :
— Vertex fitter improvement (faster) g E %ﬁg 5~ . L‘gi;,hE
Z inf

2012/12/7 \.
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Cherenkov Light Left at 15 m for Gd Water in 15 m3 Tank

80

70

(o2}
o

vl
o

N
o

w
o

Cherenkov Light Left (%)

N
o

10

Membrane replacement drops
I
0 T T

8/1/2011 9/20/2011 11/9/2011  12/29/2011  2/17/2012 4/7/2012 5/27/2012 7/16/2012 9/4/2012 10/24/2012



Cherenkov Spectrum at 15m

Cherenkov light left spectrum at 15m

800

Cherenkov light left = 700E No water
<8 F N _:‘:3 600 SK PW model

. SKPWERIECGADSE © - | EGADS Sample
s 70.2 . F
T 814% 15 8wl
-1.9% E 3005—
¢ 8
%B 200
862 +15-18%0Q |

100}

F Ll 1 l 1 1 1 1 1 L Ll | l F— i Il l de— L
E 300 350 400 450 500 550 600

WL [nm]

Cherenkov light left become 70.2 %15 % after 15m.
This is 86.2 *13 % of pure water case.
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FED

e GdWater®FE 1B
— IRTEFBHI/KD86%FE THIE
— MRS DEEE (90-92%) DELETETLNS
* DAQ/Online/MC ready
¢« FRE:
— K 1A, 20022 7(ZGadolinium# A
— ~4 200k 221 ZPMTZ B}

It
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m oss<wsa<oss [ oss<wsc UICHINEEE

g Preliminary
£ os : Data 1 SK-1V 1069 days
; ...... : Background +
g . / = : Best Fit 7.0-7.5
") 0.2 r - ok .
2 MeV(kin)
Q v + b b | + ++ 4 ,+ S
> + Fas S g + *
L

u.g 7.0- 7.5MeV (_kin) 7.0- 7.5MeV (_kin)

+
o2 tyth b b st . }
R RETEE E  FO : +‘+ o 4.0-4.5
01 r T t t t t 7 t R ¥ fivg - MEV(kin)
o 4.0- 4.5MeV (kin) 4.0- 4.5MeV (kin) 4.0- 4.5MeV (kin)
cosO,,

 Better signal-to-noise ratio in the higher MSG data set.

e Signal extraction with MSG is used below 7.5 MeV/(kin) in SK-Ill and
SK-1V in the energy spectrum analysis and the oscillation analysis.




Recent solar neutrino results

B See also following reports:
H M. Smy, “Results from Super-Kamiokande”
@NEUTRINO2012

B Y. Koshio, “Solar neutrino results from Super-Kamiokande”
@ICHEP2012

B H. Sekiya, “Super-Kamiokande low-energy results”
@NOW2012
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SK-1V solar neutrino flux

May 2012

* Total live time : 1069.3 days (2008/10-2012/03) Preliminary

* Energy region for flux: E ....=4.0—19.5 MeV SK1: PRD73, 112001

* Winter06 B spectrum is used. SK-1l: PRD78, 032002
SK-11l: PRD83, 052010

* 3B Flux in ES reaction, without v oscillation:

— SK-IV: 2.34+/-0.03(stat.)+/-0.04(syst.) [x108/cm?/s]

— SK-I: 2.38+/-0.02(stat.)+/-0.08(syst.) 4.5-19.5 MeV(kin)
— SK-Il: 2.41+/-0.05(stat.)+0.16/-0.15(syst.) 6.5 19.5 MeV(kin)
— SK-1II: 2.40+/-0.04(stat.)+/-0.05(syst.) 4.5-19.5 MeV/(kin)

(SK-I,II are recalculated with the Winter06 2B spectrum.)
(The problem in SK-IIl is fixed.)

 3.5-4.0MeV(kin) in SK-1V is used for oscillation analysis.
— Energy threshold is lowest in SK-1V

26



May 2012

SK-NZEBF BT AN ERET Bhciminar

o SK-INFZIF. NueDH A BRI EBED IR ILTX—IRIFELfluxETEIBIR
[+TLVf= (PRD83, 052010 (2011))

¢ BBOIRILF—ARTNILDFEHESTUL =,
o FEMERLELIZEFBDSK-1 8B flux {EZ E,,,=5.0-20MeV T
2.32 (E2)HVi5 2.40 (1E) [x10%/cm?/sec]

» TZYAERH

Recoil electron energy spectrum

from 2B solar neutrinos

160

1401

True spectrum

120F

1001

! Wrong spectrum

8oF
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~total ; ke
_;|\/1€3\ymmm[::::>' \ﬂ%%ei¥%

g

0
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| R R LR R A S .. TG RN
2 4 6 8 10 12 14

mmre®Récoil electron total energy (MeV)

=gyl

SK- III solar neutrlno energy spectrum

E> E,..,=5MeV jH»
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— Correct
— Wrong

1 15 20 27
Total energy of recoil electrons (MeV)



resolution (deg.)

- N
(6} N ($)] w

—

0.5 |

SNwatch
direction fit

O«4rnme

T £ == =
NN
o o ©
» »

osc. norm ph=0
osc. norm ph=1

L | | I
10 12 14
distance to SN (kpc)

* Direction determination
precession for various
distances and neutrino
oscillation models[2].

« [2] A.S. DigheandA.Y.
Smirnov PRD 62,
033007 (2000)



SN direction error

e fit the SN direction

— the method was presented in the previous

meeting.

* rotate all the event direction so that the fitted
SN direction becomes the north pole (0=0).

e we define the direction error:

Jg

2
02 y?
0672

x> =-2InL




live time efficiency

Live time efficiency

—
—

—

0.9

0.8

0.7

0.6

0.5

0.4

calibration J

DAQ replacement

2012/1/1 2012/6/1

03200

S U RS B SR E R
1300 1400 1500 1600 1700 1800

elapsed day from 2008/1/1

2011/11
2011/12
2012/01
2012/02
2012/03
2012/04
2012/05
2012/06
2012/07
2012/08
2012/09
2012/10

97.9
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96.4
95.6
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98.4
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97.6
93.6



Average Photon Travel Distance in SK

X102- T T 1 1
2250 |-

g

Entries
Mean

" 7100
8395510
15.19

2000
1750 |
1500 |
1250 |
1000 -
750 [~

500 |-

250 |-

o [ 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
0 10 20 30

Light Travel Distance

40

50

(2]
o

SK-IV solar final data sample
used

Calculated the distance from
each PMT hit to the vertex
position, take this as the
photon travel distance

The average photon travel
distance in SK-IV is estimated
to be 15.19%3.9 meters



5. Effect on water Cherenkov light

1. Cherenkov spectrum

6000

Detected Cherenkov =
(1. Cherenkov spectrum)
X (2. Absorption length of PW/Gd)
X (3. QE of PMT)

5000 f}
4000 -
3000 f}-

2000 [}

1000

300' T 350 400 450 500 550 600 WL [nm]

2. Absorption length of 3. QE of SK PMT
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EGADS DAQ

DAQ test (with new SK HV test :Tomura-san presented)

Black box

» Purpose : Test for operation p-metal box
in long term [ o mt;r I Dpﬁml%\ 2 BT
+ Same setup as pre-calibration ."I K Di* Sk W
setup using Xe lamp Xe flash lamp Scintillation ball =~ | ——— o,

+ DAQ can be monitored remotely by VNC server

« Data can be checked by online monitor ( Event rate, ADC distribution..).
— The online monitor system is based on the XMASS system.

+ Pedestal measured every dmin.

« Trigger rate is 10 Hz.

..|.LL|_|||II|I-||||||||| LLLLLLL L
APD—} ||||m||||.||||||||:||uu| H*HHHI"H:”H::H:: ”:fl

—-H:HHH'*I,HH-_-”:' TIm

QME Run2079 g 5ggq RUN2083 Run2114 p o145
Run2112 —

PMT— W
100?

11701 11/08 11/15 11/22
DAQ system is working w/o errors so far !!
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