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AmM? in eV?
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SK-1&SK-II Solar analysis



Super-Kamiokande

Kamioka-Mozumi zinc mine
1 km (2700 meters-water-equiv.) rock overburden ot

Water (v:erenkov detector
50 ktons (22.5 ktons fiducial)

Instrumented with
50-cm PMTs in Inner Detector (ID)
20-cm PMTs in Outer Detector (OD)

Goals of Super-K :
Solar neutrinos ot .
Supernova neutrinos (+ relic SN)
Atmospheric neutrinos
Proton decay

N o
o @0“06

~5-20 ~20-50 ~100 ~1 \\\‘3§

From J Raaf



Timeline

SK-I (1996-2001) T SK-il (2003-2005) SK-lli (2006-2008)

11,146 ID PMTs accident 82 1D PMTs 11,129 ID PMTSs (40% cov.)
(40% coverage) - . (19% coverage) OD segmentation
1,885 OD PMTs F: : Acrylic shields added (top/barrel/bottom)

Coming soon:
SK-1V (2008- ... )
Replace DAQ electronics

From J Raéif



Solar v’s at Super-K

8B neutrino measurement
by elastic scattering:

—
] Vte —V+e
0s (sensitive to all v lavors)
_...f_“.i‘.m i
Reconstruct:

energy of recoil electron
direction relative to Sun

Measure/observe:
+ Day/Night flux differences
+ Seasonal flux variations
+ Spectral distortion

Solar v flux

SSM energy spectra (BP04)
Data files: http: / fwww.sns.ias.eduf~jnb

10
Neutrino energy (MeV)

Observed event rate in Super-K:
~15 evts/day with Ee > 5 MeV

From J Raaf



SK-| + SK-II Solar v Flux

“;E::}E Energy range (MeV) |  Number of signal events (X105 T sec)
SK-I 1496 5.0-20.0 |22404 + 226 (stat) f;f'; (sys) | 2.35 + 0.02 (stat) = 0.08 (sys)
SK-Il 791 7.0-20.0 |7212.8%)207 (stat) gs: ¢ (sys)| 2.38 +0.05 (stat) Ty1s (sys)

Time Variations of Flux

Consistent with expected variations
due to eccentricity of Earth’s orbit

Seasonal Variation

| SK-I

SK-I

: |
ﬁﬁwﬁ#}mﬁﬁhﬁmb"u&ﬁ?ﬂ

Y

TR TR TR SN TR TN SN NN TN SN SN T SN SO SO (N SR T 1
1998 2000 2002 2004 2006

YEAR

Correlation with Solar Activity

~ 3 - 200 ¢
- SK-| SK-II ‘g
3 E>5MeV E >7 MeV @
e
o _ i 150 3
EE.E . ) "?"‘_ ] | . HE
3¢ - f’ :- ;...‘”' _'—"'— 1 | .
E L . 11008
L i £
N z
2 i o’ =
: ) 20
e i
-'-'ll... -—
1,507

1998 2000 2002 2004 2006
YEAR

No correlation with solar cycle
minima or maximum seen

From J Raaf



SK-| + SK-Il Solar v Flux
Day-Night Asymmetry

SK—I SK—I (blnned) SK—II

'_.---..2.6 = N — e . q)dﬂ}’ — (pnlghf
. | A=+
e > (Pday + Pright)
o
524 g
= £ = SK-| day-night asymmetry:
Tz | —0.02140.020 (stat) o015 (sys)
2.2
_ SK-II day-night asymmetry:
: —0.063 £0.042 (stat) &0.037 (sys)
2 1
>

Aeqg |
ybIN -

Consistent with zero

From J Raa’fé



Solar v Oscillation Analysis (SK only)

s oK Exclusion Regions

=

Am® in eV®

- = SK-I only

108 | Il SK-ll only ]
F SK-| + SK-II ;
9 VeV 95%C.L)
0% 10% 10° 10" 1 10 10°
tan®(e)

Based on SK energy spectrum
shape, and time variations

ﬁmg in EVE

arxiv:0803.4312

_SKAllowed Regions _

109 —

10
107 |

10° |

| = SK-1 only

108 | Il SK-Il only ]
: SK-l + SK-I -
09 :x-e—}ﬁ.-wfl[QS%C.L.}
1
10" 10° 102 10" 1 10 10°
tan®(e)
8B flux constrained to SNO
Salt Phase NC flux

SIN.Ahmed et al., PRL92 (2004) 181301 V=

From J Raaf



Solar v Oscillation (SK + other solar expts.)

f‘g Bl SK + SK-Il +'SNO + radiochemical |  SNO data:
o B KamLAND (arjiv-nep-ex/0801.4589v2) | 371-day salt phase (CC & NC fluxes)
E 5 306-day pure D20 phase (Apn)
Radiochemical data:
| Homestake
4 SAGE
107 ¢ 1 GALLEX
Combined experimental data
allow us to measure the
oscillation parameters in this
framework...
...but we would still like to
Vi Vi (95% C.L } observe predicted upturn at
£ T @ Ar.L.p
108 S e low energy
107 1 10

) &
tan<(0) From J Raaf



Rep\ort o'n the Third and Final
Al 547 .:Phase of SNO

R.G. Hamish Robertson
University of Washington
o * oz for
,'.Z"‘.;"-.u' .(, 5 8 3
i hes SudbLlry Neutrino Observatory Collaboration
~i. ‘Neutripos 2008, Christchurch NZ, May 2008
. -

-




SNO

3 Reactions:

v.+e >v.+e ES

6000 mwe
overburden V¥ d—>p+p+e CC
1000 tonnes D,O V, t d— prntVv, NC
12 m Diameter
Acrylic Vessel 3 n eutro n
1700 tonnes Inner .
Shield H,0 detection
Support Structure meth OdS -
for 9500 PMTs.
60% coverage n+d—>t+y+6.25 MeV
5300 tonnes Outer 35 36
' 1+7°Cl=>"Cl+ y+ 8.6
Shield H,O e i 0 BT (R
Image courtesy National Geographic |/ +°He — p+t+0.76 MeV
3 Phases: -JustD,0

* D,O + 2 tonnes NaCl
* D,O + *He Proportional Counters (“NCDs”)
From Robertson



together and deployed by a

Phase Il "J;;_ 1- f’?ﬁh‘a Counters 2 - 3m long laser-welded
\Lﬁ submersible vehicle.

36 strings of *He, 4 strings of ‘He
ona1x1mgrid.

Total length 398 m

%‘ &0-
el B | R
B Ih K K§ J§
200~ S Ly MR MG 13 IR
i % K My NL-NG MG KT 15
0l g My g ng g xg g,
Iy L Mg MG LG G
200 P o e
By % 1%
400
_ﬁm _I 1 1 I 11 1 1 1 III | — | 11 1 1 1 1 I
-600  -400 -200 0 200 400 600

I {cm)
From Robertson



Why use NCDs?
I LR I R e 000 DD RO
The features:
« Different systematics from other Phases.
« Separate signal paths: neutron capture no longer
competes with CC events in Cherenkov light.
» Break correlation between CC and NC signals.
« CC spectrum contamination by 6.25-MeV capture
gammas reduced by capture in NCD array, and
determined independently.

The difficulties:
« Signhal rate low: ~1000 neutrons/year detected.
 Ultra-low background materials needed.
« Some light loss (~10%) due to array.
« Complexity.

)

From Robertson



SNO CC Flux: 3 Phases

CC Flux

g e— D, 0 Constrained - 306 days

——— (Salt - 391 days

meeemsnfesm——  (NCD - 385 days

|IIII|I[II|fIII|IIII|III'I|II1I|IIII|II[I|I[II|EIII|IIII]III1|IIII|IIITI

1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1
Flux (x 10° cm™® 5_1) 22
From Robertson



p-value for consistency of NC/CC/ES

SNO, S-K ES Flux in the salt & NCD phases + D,0

_ NC(unconstr) is 32.8%
I IE EaE O Es Csseeees  CcSsosoe o

ES Flux

SuperK-l - 1496 days| weege—

D,0 Constrained - 306 days| me--————

Salt - 391 dE.}"S N

I NCD - 385 days

|IIIIEIIII|IIII|IIII|IIII|III'I|IIII|II!II|IIII|IIII|IIII|[II1|IIII|

1.6 1.8 2.0 2.2 2.4 2.6 2.8 o3
Flux (x 10° cm°s™)
ux X From Robertson



SNO NC Flux: 3 Phases

NC Flux (corrected to 8B spectrum of Winter et al.)
CC spectrum shape not constrained to 8B shape.

| s | 0,0 - 306 days

g | Salt - 391 days

sesgumm— (NCD - 385 days

IIFllllIIIIIIII|I|IIIIIII|I|IIIIIII|IIIIIIIII|III|I

4 = 6 7 8 9

Flux (x 10% em™ s'l} y

m— ctat == stat+ syst From Robertson



Results from SNO NCD Phase & Super-K

-
w.~‘
e
.
.

(
VEs 177(26) : e _q}i:'o 68% C L.
Viotal- 554(48) . o ¢:ﬂ 68% C.L.
0=° 68% C.L
Veem:  069(91) 100 . 08%CL.
55M

— ¢ 68% CL.

e e . e
0 50 100 150 200 250 300 250
¢, (x 10* cm2s°1)

bsgy = 969(1£0.16) x 104 cm2 s (BSB05-OP:
Bahcall, Serenelli, Basu Ap. J. 621, L85, 2005). 24
Super-K: PRD 73, 112001, 2006 From Robertson



! 391- day salt results !

¢ 168 +g EHS(stat )*‘:J - (syst.)

G =4.94 07 (stat) oas (SYst) i‘-‘f = 0.340+0.023(stat.) oy
NC

+02 0.1
Prs =2.35 —{}”E(STHT) mi(syst)

In units of 10 cm= 51

A E {}m; x10° eV2 + o . CEREE - 2 6RE% CL.
f=33.0:8 deg 11 6%, 95%, 99% C.L.
SNO +0.05 +0.07
oo = L6775 (stat)” ) g (Syst)
SNO +0.24 +0.09
v = L7772 5 (stat)" 7, (syst)
SNO +0.33 +0.36
NC 5.4 ~0.31 (stat) 0.34 (SYSU '
uﬂ 0.5 l l.ﬁ-_.l,_

O, [:r::lﬂ'ﬁcm sj'jl




2-Neutrino Oscillation Contours
I @ @ 1B e s

O 107 (a)1 T S5t stet e Rk Ty n
SN0 O = 68% CL SNO only
NG = 0.301 £ 0.033 (total). )y 107 95% CL =
NC q 3
10° . — 00 73% CL =
10°° \ E;
R i
I7E o 3
10— e L 1 aaag) PR s B B | i
10° 10 10" 1 10
F}:‘"" ﬂl}]l R AR L {é)l R A B I:':.:t:r:l'_ﬂll !
CIAr % { solar | | « Solar+
Super-K g N \ W ?" KamLAND
SAGE 2] e Q1®
Gallex 0.1 4 F —
GNO i 1
SNO - 1 p >
Borexino
0.05|- 4 F -
766 t-y KamLAND :
From Robertson B | S | E— SRS ¥ S X Sm—

tanZ0 tan‘@




Solar + KamLAND fit This work:

results (preliminary) * NCD results agree
well with previous SNO
Am? =7.94772 <107 eV? phases. Minimal
| correlation with CC.
tan® 6=0.447" . Different systematics.

* New precision on 6
0=33.8"" degrees
Future work:

O3 = 0.873(1£ X) gz 555050 * 3-phase analysis

* 3-neutrino analysis
 LETA (Low Energy

2-neutrino mixing model. Threshold Analysis)
Marginalized 1-c uncertainties. * hep flux

All SNO phases. . Day_night, other
KamLAND: PRL 94, 081801 (2005). variations

X to be published later.

* Muons, atmospheric v
From Robertson




| 92 days of Borexino

Neutrino 2008
Christchurch, New Zeland
May 26, 2008

Cristiano Galbiati
on behalf of

Borexino Collaboration



Solar Neutrinos Spectrum

Flux (cm-2 s-1)

102

- Ga
101t

W £1%

o ey LU e

pp~

10!0
10°9
108 T

e
107 |
106 = -4

Bed | | Borexino
108 +10[5%% j [
104 1
109
102
. 2 o ‘ —

1051 1 10

Neutrino Energy in MeV From Galbiati




=
S

1072

Counts/ (10 keV x day x 100 tons)
=i
o

1073

New Results: 192 Days

Lo o o b o n o 1 3

— Fit: »?/NDF =

185/174

— 'Be: 49%*3 cpd?lﬂﬂ tons

—— 210Bj +CNO: 23*2 cpd/100 tons
— $3Kr: 25*3 cpd/100 tons
— 11¢c: 25*1 cpd/100 tons

lllc l'ﬂc

iy

e o o b v o b e o o b oo by oo oo b ol

200

400

600

800

1000 1200 1400
Energy [keV]

1600

1800 2000
From Galbiati



Systematic & Measurement

Estimated | O Systematic Uncertainties” [%]

Expected interaction Total Scintillator Mass 0.2
rate in absence of
oscillations: Fiducial Mass Ratio 6.0
[75+4 cpd/100 tons] Live Time 0.1
tor LMA-MSW Detector Resp. Function 6.0
oscillations: Cuts Efficiency 0.3

L
d #

“Prior to Calibration

’Be Rate:
49+ 3ttt 4syse cpd/ 100 tons

From Galbiati



Ve Survival Probability
Global Analysis

We determine the survival probability for 'Be and pp

electron neutrinos Ve under the assumption of the high-Z

BPSO7 SSM and using input from all solar experiments (cfr.
Barger et al,, PRL 88,011302 (2002))

® P.. ("Be) =0.56 £ 0.08

.. (pp)=0.57+0.09

From Galbiati



Solar Neutrino

Survival Probability

- mmmmam-- MSW-LMA Prediction
0.8— @ mmmm=== MSW-LMA-NSI Prediction
- mm mmmes MavaN Prediction
B . SNO Data
0.7—
ittt nlus -~ Borexino Data
o 6 " Ga Data after Borexino
. S - \'.
-_—-——ﬂ___b._.-l__.__L--
- T
U-S’_ “"l" o =
— v ™ -
- M. S
| LR ™
L] -, r -
D-g__ % \\. b ™
B ! \ v - }
VN [ ] = -
| A e mE e o e e e e e e e - e [~
| x e
D|3__ . - I - - L
U 2_ | | | | | | | | | | | | | | |
After Borexino 1 10

E, [MeV]

W
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) KamLAND Neutrino
B Oscillation Results
and
Solar Future

Patrick Decowski (UC Berkeley)
for the
KamLAND Collaboration

Neutrino 2008, Christchurch, NZ



Analysis Improvements

Max Radius(m) Lifetime(days) Exposure(ton-yr) Exposure Increase

KL2002 5 145 |62 I x
KL2004 5.5 515 766 4.7x
Latest 6 1491 288l 17.8x
Smo 55m 6m SfBI .
10
> Energy threshold from
S 2.6MeV — |.0MeV
& 5 - 3 o1 (Inverse Beta Decay
5 N C threshold)
= 4 - o
E 's::"'. ; TE
g :
i S o
| E s S I“-4
0 02 04 06 [
(RI6.5m)’ “Fuzzy” cut using event characteristics

to distinguish signal from accidentals
Yarick Decowshi / UQ Borkelss



” Energy Spectrum

From Mar 9, 2002 to May 12, 2007
1491 live days, 2881 ton-year exposure (3.8x KL2004)

B ; —— Kaml AND data %
B ' — no oscillation 2
250:_ | — best-fit oseci. ;E
% - ! B ElEE:IldEﬂt.]-:':lﬁl =
> 200 | [ _Clas) O ]
ﬁ - : . + best-fit Geo v, T
-+ 1501 ! — best-fit osci. + BG i
E VL E + best-fit Geo v, =
2 - i
S 100 M
is |
50 =
: . | I | | Ll ] 1 | ] |ﬂﬁ“—h
|

2

> 3 4 5 6 7 %
E, (MeV)

Fit to scaled no-oscillation spectrum excluded at 5.10

Patrick Decowski / UQ Borbioley



L/E Plot

14 » Data-BG-Geo¥, s« CHOOZ data
121
[ B
z It
E N +
£ 081 ,.
= B | LMA-I
£ % MA-2
- [
7% LMA-0
02F
U:||||||||||||||||||||||||||--||||||||||||
0 10 20 30 40 50 60 70
LG!EF. (km/MeV)
Am? L
Pee =1 — sin” 20sin*(—— =)

Patsick Decowsshi / UG Berdiolasy



Neutrino Oscillation Parameters

Solar Global KamLAND

SR T fdo
e 15 o
>
< 10E ko ER— Jo .
SEo 3N 2
- L A et e, lo
_'—'_'—'T'_'—T—'T'wr‘l'f -1-' I I-—r- .
11 1 1 1
- KamLAND Hwia*.-"{g iL.:';‘ 53“
SN mmesscr fiFi | W
fo 99% CL. b L)
H’_._‘\ |I' g . . .'_III - H’_?S?ﬂ 'EI_.. E 1% E E E
| e . best fit W P
% 10°T i ih) * ; SR R .
Ol T NN
1 - B |: = ;-- I”F”'""-:l'-':-::'f-
=t it R
<] - i ] P P
i .I' Lo 1 1
B II'. 3 .I Sﬂ-laI i'-i i i i
| TR 1 1
i -— 95% CL L
- Lo I S R
— 73% CL R P 2
- best fit P~ =
A R o I
] A | ] AT IR A YR T T _:E::_
107! 1 10 20 30 40
2 2
tan"6,, Ay

Pitrick Decowshii / UQ Beakieliny

Best-fit light side:
Am? = 7587038 % 107° eV?
tan® @ = 0.5610 33

Best-fit dark side:

Am? = 7.64 x 1072 eV?
tan®f = 1.84



Global Analysis

Am3, (107 eV?)
~

EamlL AND + Solar
Bl %% CL.
00% C L.
B 99.73% CL.
¢  best fit

Pitnick Decowsdi / UC Borkeliy

0.3 0.4 0.5 0.6 0.7
1:3112612

Solar Experiments + KamLAND:

Am? = 7597021 107° eV

tan® 0 = 0.4770¢

0.8

18
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Goals of the Future Solar v Program

- Use neutrinos to understand the Sun (and other stars)

Only neutrinos, with their extremely
small interaction cross sections, can enable us
to see into the interior of a star and thus verify
directly the hj-f‘ji-lﬂthﬂsiﬂ of nuclear energy genera-
| tion in stars. ---John Bahcall, PR, (1964)

Example: The solar " metallicity problem'”:

* Helioseismology convinced " everyone' that SSM was correct
* Modern measurements of surface metallicity are lower than before

* Which makes SSM helioseismologic predictions wrong

But! CNO neutrinos tell us metallicity of solar core
= Flux may differ by factor of 2 between old/new metallicity

(Maybe Jupiter and Saturn " stole' metals from solar photosphere?
---Haxton and Serenelli, astro-ph:0805.2013v1)

From Klein



Goals of the Future Solar v Program

- Use neutrinos to understand the Sun (and other stars)

Measurements now PI’ECiSE enough to constrain SSM
(Bandyopadhyaya, Choubey, Srubabati Goswami, and Petcov, hep-ph/0608323v1)

Exp. Theory

With luminosity constraint: Uncs.  Uns
{j{ l_]':[_:']n'mnﬂnrﬂd — (1*02 + 0.02 2 0.01 ]{-jiljl_jjt.l1nnr§,'
'T-"'}(.Hlemcnsurcd i (“*HH +=0.04 = [lﬁg:ﬂﬁ"}(HB}thcﬂr}’

‘:-"}(-TR“) measured — (“*E” tﬂ:ﬁé + 0.1 J”( ‘H“}thﬂﬂl‘}’

Bahcall and Pinsonneault

But without constraint: L /L, known only to 20-407%

—" Unitarity' test that integrates over a lot of new physics

(most sensitive to pp flux)

——— From Klein



Goals of the Future Solar v Program

+ Can we observe MSW-specific signatures?
Nonstandard effects can be enhanced by MSW-like resonance

Miranda, Tortola, Valle, hep-ph/0406289 (2003)

n7
u_.'r_— .
e i
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Friedland, Lunavdini, Pefia-Gavay, PLB 594, (2004)
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P SRR . Veetor ] Holanda,
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Barger, Huber, Marfatia, PRL93, (2003)
From Klein



Unparticle effects

Effects in solar neutrinos
Neutrino decay: v; > v; U

L. Anchordogui, H. Goldber

Unparticle exchange:
modify mater potential
and effective neutrino mass

- modify survival probability
M.C. Gonzalez-Garcia,
."li:1 i C: I:'IIE: .-'I:_fl;:j."lrlij." ‘nll'jlljf
R. Zukanovich-Funchal

M - mass of messenger

d,, - dimension of operator
in hidden sector,

d - dimension of unparticle
operator

Ay - infrared fixed point

Scalar
m,= eV

— MEW -=-d=1.1 - d=1.3 == d=1.5 \
M=8510° TV M=15 10" Tev M=3 167 TeV
i Vector
----""':--. :-:-'-'..'. I.-.:\-.-___:Tﬁm
— MSW  d=ld v i=13 =
M=110" Tey A= 10° Tev =4 18" TeV
.- "Tensor
1 _-'_‘""-—-...._*_L‘_h__d_-_" ) P
g LT __;__--__"
— MSW  ed=ll o d=1.3 .- d=1.8
M=2 10" TV =3 10f Tev M=3 167 TeV
=
10 1 10

E, (MeV)

From Smirnov




Experiment | Detection Targeted Technology | Other Status
Reaction Solar vs Physics
KamLAND e.CNO., pep [Liq. scintillator | Reactor vs, Purification

+e—>Vy, ) +e

“'Ji'['_,ls:}

underway

SNO+

ﬂ",‘.l:_m_:, + 8 —= Ilﬁ‘{.u!':l + &

pep, CNO

Liq. scintillator

Engineering.
purification

LENS

+2y+'"Sn

, 115 =
b+ In—e

In-doped lig.
seintillator

XMASS

+@ Vg, +E

“Ji'['_,ls:}

Prototype bkd
studies

CLEAN

I'l",l:_”__} _é' % Ilﬁ{,u."':l +'EI

200 1.;_r_: cfaoe i1
design

MOON

100 - 100
v+ Mo—e + It

MUNU/TPC

ﬂ",‘.l:_m_:, + 8 —= Ilﬁ‘{.u!':l + &

CF4 TPC

Prototype for

0vBB

IL, (reactor)

1, results,
recon studies

HERON

“J-ill:_jp:} T8 —¥ Ilﬁ{,u."':l + &

Scmtillation in
cryogenic He

R&D complete

Proposal ended

XAX

+@ 3V, +E

“J-i'['_,n:r}

Scintillation 1n

dark matter.
Ovpp

Design and
sunulation

Mega-H,O

I'l",l:_”__} _é' % Ilﬁ{,u."':l +'EI

P-dk. LBL vs

Design, sium.

From Kle




Solar Neutrino Survival Probability
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SNO+

] +e—>v, ., te

}EU-! r)

'|' Fill existing SNO detector with liquid scintillator
g 0.6
o ] Am? =8.0 x 107 eV?
Ga subtract 1 N, SNO+ pep sin%6 = 0.31
"Be and 8B 0.5 B
E_.-"_-
/T
{1.43—
’Be from =
Borexino 03s ¢ .\+\F
03
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Data: Final Comparison Energy [MeV]
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Future Prospects for SK Solar
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Solar neutrino data reduction: SK-Il|

Run period shown: Jan. 24, 2007 - Mar. 2, 2008

SK-1 PRD 73 112001, SK-lll Preliminary (191.7 days RR sample)

Datasets: oee SK-1 SKIl o 1 S
. o = lstreduction 3
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Preliminary SK-Ill reduction tools

Good agreement of SK-IIl with SK-I final data sample
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Solar angle distribution
SK-I & SK-1Il FF 289 days
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Extract number of signal events by

fit to signal + background shapes
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* LData

-- Background
— Best fit (*B MC + background)

r.tiﬂ.:-'ﬂlﬂtwtﬁﬂ-"ﬂ.—'ﬂﬂ‘:hrwif ..

ﬂ M M i i i i M M i M i i i
-1 -0.5 0 0.5 1
cosb_,
Livetime Energy range (MeV) Number of signal events Flux
(days) gy range g9 (X108 cm2 sec)
SK-Ill 289 6.5-20.0 3378.9 jf_‘f(stat only) In preparation

From J Raaf



SK-Ill: Background in the

central region (RR sample)
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Ratio (data/ssm)
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In the case of (S|n26 Amz) = (O 30,7.9x10) Se n S |t|V | ty

3 3 3 3 3 3 3 3 3 The black line shows the 13.3kton

e (4.0-5.5MeV), 22.5kton (5.5-20MeV)

fiducial volume with the same energy

correlated error as SK-|

(1) If fiducial volume for E<5.5MeV is
enlarged to 22.5kton with low B.G.

(2) If energy correlated systematic
error is reduced by 50%.
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First target : 2 ¢ level

upturn discovery with 3 KamLAND
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SK-IV: DAQ Upgrade

@ Simplified detector operations
unified readout scheme for ID and OD

@ Increased reliability/performance
- fewer discrete components

- improve energy resolution
wider dynamic range

- improve multiple-hit capability
efficient ID of u-decay electrons

- reduce SPE hit threshold
low E solar v's
y-tagging for proton decay

- improve supernova burst capability

@ Ethernet-based readout
increased bandwidth and reduced dead time
build DAQ system from commodity network devices!



New DAQ readout scheme
SK-L, LI DAQ scheme:

Hitsum ;
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per ° module |
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SK-IV DAQ scheme:
No hardware trigger. Instead record all hits and apply software triggers.

. Periodic trigger clock Re"::: Ter? hlt‘ 2 ?nk'll-l :
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Dominant BG: PC(x,n)'eO

From Tin=22yr 5d 138d &30y ¥
o, E=5.3MeV Y
|.1% abundance of '3C in LS = 13C(c¢,n)'¢0O rreumd

Cross sections tuned using detector MC
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Data: Final Comparison
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Are solar neutrino oscillations robust?
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Figure 2: Allowed regions for the generalized OSC + NS5I case, determined from the latest data:
left panel corresponds to a solar only analysis, while the right panel corresponds to the combined
solar+KamLAND analysis.



Solar neutrinos as probes of neutrino—matter interactions

Alexander Friedland ®, Cecilia Lunardini ®, Carlos Pefia-Garay ®
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SK-1 . Il R#fiaE

TABLE VIII. - Systematic error of each item (in %).

Flux Seasonal Day-night

Energy scale, resolution +1.6 f:? f{?
Theoretical uncertainty J_’}[l)
for *B spectrum
Trigger efficiency J_’gg *0.1
Reduction f?é +().5
Spallation dead time 02 =01 %01
Gamma ray cut 0.5 =025
Vertex shift +1.3
Background shape for +0.1 +0.4
signal extraction
Angular resolution +1.2
Cross section of v-¢ scattering +0.5
Livetime calculation® 0.1 £0.1  £0.1
Total 32 +0.3 f{:‘,

“Caused by the event rate-dependent timing accuracy of our

main data acquisition computer.

flux  [day-night

Energy scale (absolute £1.4%)|+4.2 - 3.9

Energy scale (relative +0.5%) +1.5
Energy resolution (2.5 %) +0.3

°B spectrum +1.9

Trigger efficiency +0.9

1¥* reduction +1.0

2™ veduction £3.0

Spallation dead time +(.4

(Gamma cut +1.0

Vertex shift *l.1

Non-flat background +0.4 +34
Angular resolution (6.0%) 3.0

Cross section +0.5

Live time +0.1 +(.1
Total +6.7-64] £37




u . |
npartcies ...
Hidden sector (HS) e.g., gauge
theory with fermions and coupling g

g . ,
scale invariance 0. <O Particles of HS couple|with
g o Y H SM particles via exchange of
EKZ{FE messenger field(s) with mass M
point VR

A
€ 0cuO -

A

u

If g* » 1 = appearance of composite
(confined) states of the HS particles
(described by operators O, )

hadrons < quarks

N. Krasnikov
M. A. Stepanov

Individual (mass) modes: negligible effect




Solar Neutrino Program
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Backgrounds
I $#$I1Ee S S 0909090909292 SOT T

Source PMT Events |NCD Events
(neutrons) (neutrons)
D,O Radioactivity 76+1.2 28.7 4.7
Atmospheric v, 16N 247 + 4.6 13.6+27
Other backgrounds 0.7+0.1 2.3+0.3
NCD Bulk PD, 7180(a,n) |4.6 *21_ ¢ 27.6 *129 5
NCD hotspots 17.7+£1.8 64.4 + 6.4
NCD cables 1.1+£1.0 8.0£5.2
External-source neutrons |20.6 + 10.4 40.9 £ 20.6
TOTAL 77 12 . 185 +2°,,

16



Nuisance Parameter NC uncert. CC uncert. ES uncert.

(%) (%) (%0)
PMT energy scale +0.6 +2.7 +3.6
PMT energy resolution +0.1 +0.1 +0.3
PMT radial scaling +0.1 +2.7 +2.7
PMT angular resolution +0.0 +0.2 +2.2
PMT radial energy dep. +0.0 +0.9 +0.9
Background neutrons +2.3 +0.6 +0.7
Neutron capture +3.3 +0.4 +0.5
Cherenkov/AV backgrounds  +0.0 +0.3 +0.3
NCD mnstrumentals +1.6 +0.2 +0.2
NCD energy scale +0.5 +0.1 +0.1
NCD energy resolution +2.7 +0.3 +0.3
NCD alpha systematics +2.7 +0.3 +0.4
PMT data cleaning +0.0 +0.3 +0.3
Total experimental uncertainty +6.5 +4.0 +4.9

Cross section [16] +1.1 +1.2 +0.5




Next Results

+ SNO Low Energy Threshold Analysis
Joint phase 3D fit to MC for all signals and backgrounds

D20 Encagy fit
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BPS07 : High Z vs Low Z

GS98

AGS05

Oy %0 (87)

PP

2.97

6.04

0.8 (0.3)

1.41

1.46

1.3 (0.6)

hep

7.90

8.22

15.4 (0.9)

2.08

4.55

5.0 (2.4)

*dk

2.94

4.72

10.1 (5.3)

4.94 (0.43)

2.93

1.93

+20-15 (11)

*

2.20

1.37

+23-16 (11)

*

9.82

3.24

25 (15)

Neutrino fluxes can point out high/low Z model




Background Contribution

Accidentals 80.5+0.1 Accidental Coincidences
“Li/®He 13.6+1.0 Cosmogenic

Fast neutron & Atmospheric v <9.0

BC(an)'®0ys, np — np 15724173

HC(an)®0gs, Cnn)?C* (44 MeV 7) 6107 Background from 222Rn
BC(an)'®0 1" exc. state (6.05MeVe'e ) 152+35 chain
BC(an)'®0 2™ exc. state (6.13MeV ) 35402

Total excluding geo-neutrino 276.1 £23.5

Patsick Decowsks / UQ

Geo-neutrinos are a background to the neutrino oscillation measurement

—Talk by John Learned

Using one geological model, which assumes |6 TW of radiogenic heat
from U+Th geo-neutrinos, expect 69.7 events

However, analysis is done by simultaneously
fitting geo- and reactor neutrinos !




2 2
Am 21/eV

Solar + Kl (766.3 ton-year)

1.2)(10-4_1 rr1rrrrrryrrrrrrrrr[rrrrrr ot r 11111
= Sl
i VA
" 2 —35 2 . 2
- Am5;=8.0x10 " eV~ sin” H#y1, = 0.28,
i i \ 3
9.0x10° [ =
i | ( .
¥ { ] Solar Experiments + KamLAND:
g |
S5 [ ) E
6.010° | | Am? = 7.507021 1075 eV?
i \ 4 2 _  4~+0.06
i \ / tan“ 6 = 0.477 555
i \k // =1
¥ M -
B 8
'5-1 | NN N (N TN N S - l | DO (] ST [ ST [ S e | l I [ DO I :
3.0x10/5 4 02 0.3 g
o P -
sin’e, : e
o 99% C.L.
L H 99.73% CL.
- - best fit
50.2 | IOI._3I — IOI.riI-I — IO.I5I — IOI.*SI — IOI.TI o

7
tsurEll2



- emmm=a-- MSW-LMA Prediction
0.8— 1 eaemeaa- MSW-LMA-NSI Prediction
T MavVaN Prediction
B . SNO Data
0.7 — . - Ga/Cl Data Before Borexino
-
0.6 \
_""'-....__ | |
o [ T T TTTmImm-LLl
@ — " 1 -
A — *'~ \ -
0.5__ &\I ‘l""'_.'
| P‘ ‘."*HH
| N .y
[ LIS \h
i ~ T -
014__ LY \'\ hhh
| - -7 --‘_'
X, Y [ ] T
- S e e e e e e — = e I =
0.3— s eemmmT T }
0'2_ | | | | | | |-_ | | | | | | |
Before Borexino 1 10

Solar Neutrino Survival Probability




