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Neutrinos
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Neutrinos

MASS Normal Inverted
HIERARCHY
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Solar Neutrino Problem

g,
S
a.
)
S
-
R=
2
=
L
—
a.
7
7
=
R}
IS
a2




Neutrino Detection

Neutrino-Electron Scattering 1. Elastic Sca’r’rering
(ES) Cerenkov Light . . -
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The Answer: Heavy Water
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The Answer: Heavy Water

Neutrino-Electron Scattering 1. Elastic Sca’r’rering
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The Sudbury Neutfrino
Observatory

Support structure
for 9500 PMTS
54% coverage
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What SNO told
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Upgrade electronics
D0 = liquid scm’rllla’r
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SNO+ Physics Programme

Neutrinoless double
beta decay




SNO+ Physics Programme

Neutrinoless double
beta decay

Events /10keV

— 2v Double Beta
-~ 0Ov Double Beta

o Pl

T

Energ;' (MeV)

neutrinos




SNO+ Physics Programme

Neutrinoless double
beta decay

Events /10keV
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SNO+ Physics Programme

Geo neutrinos Neutrinoless double
o T beta decay
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SNO+ Physics Programme
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Double Beta 2V Decay

Double Beta Decay
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OvBP Decay

Double Beta Decay Neutrinoless Double Beta Decay

. L% Only 35 known
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OvPBB Signature

Energy Spectrum




Ov3pB Decay Rate

Decay Rate

Phase space factor

Calculable .
Nuclear Matrix Element

Not so calculable $
Effective

Neutrino Mass




Ov3pB Decay Rate

Decay Rate

Phase space factor

Calculable .
Nuclear Matrix Element

Not so calculable $
Effective

Probes absolute neutrino mass scale Neutrino Mass
Also sensitive to mass hierarchy

(my) = Zsze%,

— c0s® 015 cos® 013" %M

-+ sin” VAD cos? 913626777/2 + sin? 9136_215m3




Ov3pB Decay Rate

Decay Rate

Phase space factor

Calculable .
Nuclear Matrix Element

Not so calculable $
Effective

Probes absolute neutrino mass scale Neutrino Mass
Also sensitive to mass hierarchy

(my) = Zsze%,

Majorana Phases
— cos® 015 cos? 913

-+ SiIl2 912 COS2 913




Isotope Choice

dbenionce Mol
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Sense and Sensitivity of BB expts: arxiv/1010.5112




Isotope Choice

e ]
4.15 +
0.65

7.8%

3.75 %

9.2% 0.45

3.65 #

34.5% 0.15

2.95 ¢+

8.9% 0.25

1.85 ¢

*)
5.6% 0.55

Sense and Sensitivity of BB expts: arxiv/1010.5112




Backgrounds in SNO+

Load scintillator with °°Nd
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OVvBP Decay in SNO+

i) Large, homogeneous
detector
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OVvBP Decay in SNO+

Expected signal:
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SNO+ Sensitivity

0.1% loading natural Nd = 44kg *°Nd light yield “400p.e. /MeV

Effective neutrino mass upper limit (meV)

3.5 4 4.5 5
Data taking time (year)

Uses IBM-2 NME (Most conservative NME calc for °Nd)



SNO+ Sensitivity

0.1% loading natural Nd = 44kg *°Nd light yield “400p.e. /MeV
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Status of the Field

Mass Hierarchy

Current Experiments
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Status of the Field

Mass Hierarchy

Current Experiments SNO +
NEMO3, Cuoricino, ¥~
Gerda-I, SuperNEMO

stage 1

demonstrator 107
/ o SNO+
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Reactor Antineutrinos

SNO+ site
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Reactor Antineutrinos

SNO+ site

Two nearby reactors:
- well-defined flux
- similar L
= clear oscillation pattern
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Reactor Antineutrinos

SNO+ site

Two nearby reactors:
Prouncia ar - well-defined flux
- similar L
= clear oscillation pattern
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Reactor Antineutrinos

Reactor antineutrino energy spectra
Smaller flux

but
Multiple oscillation
minima

KamLAND
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Geo Neutrinos

Electron antineutrinos from U, Th, K
decay in the Earth

KamLAND

reactor Vv
geo V

Smaller reactor background
than KamLAND
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~20 events / yr
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Solar Neutrinos

CNU Cycle

(contributes ~1% of solar energy)
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Solar Neutrinos
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Neutrino Oscillation
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What More Can we Learn?
MSW Oscillation

5 W2GNE, a o

Am*

p <cos20,

: 1 .
1= Esm2 26,

Rise of survival probability
at low E, as we approach

vacuum-average value of

hep-ph/0305159
=L 1-(1/2)sin226




New Physics

Non-standard effects can alter position/shape of the rise

Sterile Neutrinos C. Giunti, Y. F. Li PRD80:113007 (2009)

Non-standard interactions
(flavour changing NC)

LMA-Opep - LMA—! pep
— LMA-0'B — LMA-I'B
-\ s“--l“\, i ;

A5, =0.000175 eV?
tan®*$,,=0.5

Mass varying neutrinos
(MaVaNs)

M.C. Gonzalez-Garcia, M. Maltoni
Phys Rept 460:1-129 (2008)

Friedland, Lunardini, Penia-Garay,
PLB 594, (2004)




What More Can we Learn?
Understanding the Sun

Only neutrinos, with their extremely
small interaction cross sections, can enable us
to see into the interior of a star and thus verify

N directly the hypothesis of nuclear energy genera-
§ tion in stars. ---John Bahcall, PR, (1964)

Solar Metallicity:

SSM always agreed beautifully with helioseismology
Modern measurements of surface metallicity are lower
= New disagreement to be resolved

CNO flux tells us core metallicity

More accurate experimental results could pick a SSM



What More Can we Learn?

Understanding the Sun

~

High

o
3

(*2)

o
3

llllllllllllllllllIllllIllll

($))

=
(3
Q
7))
o
£
o
(<)
o
F
-
x
- |
—
(a8}
o0
5
|_

Low

>
3

I l

metallicity

metallicity

O
AY)
o}

[3) [3)
32005(0,, ) p32008(

GS)

8p




What More Can we Learn?
Final Mixing Angle: solar vs KamLAND
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What More Can we Learn?
Final Mixing Angle: solar vs KamLAND
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New Analysis: LETA

Low Energy Threshold Analysis

3 neutrino signals MC
+ 17 backgrounds
internal (D,0)

external (AV + H,0)
PMT PB-vs

" [piousaays P10

Neutrino signals
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Fit Resulft

2 = 13.6 / 16 Salt Energy fit

—— Data

— Total fit result

m—CC

S

—NE

-~ Internal bkg

--=- External bkg
hep

TTTFIT

Events / bin ><
=

-
I

| lllllll

1=

FT T TT1

! » bl.-J d. Ju I“J .J. L. I.d -J-

10 11
T (MeV)




Total B Neutrino Flux: Vi
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Total B Neutrino Flux: Vi
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CC Recoil-Electron Spectrum
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CC Recoil-Electron Spectrum

= 21.52 / 15 d.o.f.
= 22.56 / 15 d.o.f.
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Direct Fit for Energy-Dependent
Survival Probability

y

Neutrino signal directly described by
6 parameters:

Survival Probabilit

1. Total B neutrino flux

2. Quadratic expansion of v, P,
around E, = 10 MeV

Neutrino Encrg)]'o(_McV)

-

I 3.Linear expansion of day/night
— T 23.5MeV % asymmetry around E, = 10 MeV

10
Neutrino Energy (MeV)




Direct Fit for
Energy-Dep Pec
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Direct Fit for
No distortion, no a/s:
Energy—Dep Pee AX? = 1.94 / 4 d.of.
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Direct Fit for
No distortion, no a/s:
Energy—Dep Pee AX? = 1.94 / 4 d.of.

LMA Prediction:
Ax? = 3.90 / 4 d.o.f.
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Solar + KamLAND: 3 flavour

LETA paper 2010:
LETA joint-phase fit
+ Phase III

+ all Solar expts
+ KamLAND

3 flavour overlay
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Solar + KamLAND: 3 flavour

LETA paper 2010:
LETA joint-phase fit S il R "'\""'(;,;;a;""'i';;,;""'
+ Phase III : W 68.30% CL. —— 68.30% CL
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LETA Paper

Published May 2010, Phys. Rev. C

Results announced at the 2009 Neufrino
Champagne conference in Reims, France.
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Where do we Stand?

LETA survival probability

o
o

e
@)

—
K

oy
B
=
o
£
— 0.4
<
oo
-
— ]
w
)
=
-

e
i

—— Polynomial

10 12 14
Neutrino energy (MeV)




Where do we Stand?

LETA survival probability
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Where do we Stand?
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Where do we Stand?
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Where do we Stand?
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Where Do We Stand?
Understanding the Sun
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Where Do We Stand?
Understanding the Sun

~—a— LETA Results + total uncert
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Solar Vv Status

1/1
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SNO+ Solar v Prospects
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SNO+ Solar v ProsPecfs
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Test Oscillation Models

"Be, ®B: more statistics
push lower in energy
1.44MeV line source
small theor uncert (<1.5%)

More sensitive MSW search
Potential new physics fnergy in MeV




SNO+ Solar v Prospects
1:1/;3 o ' Ba};call—Serenelli 2005 YOj_é

1010 Neutrino Spectrum (+1lo) |

+10.97%

- >

Ul

0]
First SNO

- A{I1GDGO.G |DAIAINS

N
—

|

i
o

o

Test Oscillation Models

"Be, ®B: more statistics
push lower in energy
1.44MeV line source
small theor uncert (<1.5%)

™

—~—

More sensitive MSW search
Potential new physics




SNO+ Solar v ProsPecfs
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SNO+ Solar v Prospects
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pp highest flux solar neutrinos *
smallest theor uncert (<1%)
precise test of SSM
comparison to observed
solar luminosity
first direct detection




SNO+ Solar v POSPecfs

1012 &

o /—\ John Bahcall:

¥ "p-p neutrinos are the gold ring of
solar neutrino physics and astronomy.
Their measurement will constitute a
simultaneous and critical test of stellar
evolution theory and of neutrino
oscillation solutions”

T emy—— |

'8 SNO: LETA

highest flux solar neutrinos °

smallest theor uncert (<1%) |
precise ftest of SSM ‘
comparison to observed L

solar luminosity L
Inergy in MeV
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SNO+ Solar v Signals
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SNO+ Low Energy Solar v
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SNO+ Low Energy Solar v
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SNO+ Low Energy Solar v

Sum
8B
— TBe
== CNO
pPep
== Sum w/0 pep

p—
)
(O8]

=
O
o
QO
a
a
o
H
—
~~
N
~N—
a
O
>
aa

1.8 20

Energy / MeV




SNO+ Low Energy Solar v
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SNO+ Low Energy Solar v
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SNO+ Low Energy Solar v
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LET A MC 3 neutrino signals

+ 17 backgrounds
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SNO+ Low Energy Solar v
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LET A MC 3 neutrino signals

+ 17 backgrounds
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Borexino Low Energy V

— Fit: y?/NDF = 185/174
— "Be: 493 cpd/100 tons
~—— 210Bj+CNO: 23*2 cpd/100 tons
— 8Kr: 25%3 cpd/100 tons
— 11C: 25%1 cpd/100 tons
14C IOC
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Borexino Low Energy V

— Fit: y?/NDF = 185/174
— "Be: 493 cpd/100 tons
~—— 210Bj+CNO: 23*2 cpd/100 tons
— 8Kr: 25%3 cpd/100 tons
— 11C: 25%1 cpd/100 tons
14C IOC

10% measurement of 'Be
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SNO+ Preliminary Studies
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Preliminary Studies

52 =419.70163 / 630

1 year livetime
50% fiducial volume
4 U signals
+ 7 bkgs
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SNO+ Preliminary Studies
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SNO+ Advantages: Depth

KamLAND: 2700 mwe
Borexino: 3500 mwe
SNO+: 6080 mwe

'1C produced by cosmic M hitting
organic molecules
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SNO+ Advantages: Depth

Depth, Feet of Standard Rock

KamLAND: 2700 mwe
Borexino: 3500 mwe o0 a0 G0 oo

ol

SNO+: 6080 mwe WIPP

Soudan

ol

1

'1C produced by cosmic M hitting
organic molecules

Zy

Soulb
Y Gran Sasso

L. lllll.l

Homestake Cl-Ar

Borexino Collaboration, Phys Rev C74:045805 (2006)

_lllIlllllllllllllllllllllllllllllllllll_

= Total v-spectrum

— CNO+pep+"B-v
----- - pp-v
—-— "Be-y

[]'C-decays

Baksan

=
>
0
c
Q
=
=
O
-
-

Frejus

2

T T TYT
el

L L
raraul

2

Deep Underground Laboratory

) B—

T 1
2000 4000 6000
Depth, meters water equivalent

2

b
o
|

© rrTTImm

0.2 04 06 . 1.2 14 16
Energy [MeV]




SNO+ Advantages: Depth

KamLAND: 2700 mwe
Borexino: 3500 mwe o am oo o0 oo
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SNO+ Advantages

1. Energy resolution:
~2200 vs 79500 PMTs

2. Size:

/ .. 278 vs 780ton scintillator

roughly to scale
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SNO+ Progress

1. Hold-down ropes

2. Electronics upgrades

2.1. Data translation & ftransmission
2.2. Trigger
2.3. Trigger sum

3. Simulation and Analysis

3.1. Coordination
3.2. Simulation & Verification
3.3. Preparation for Day Zero



Hold-Down Ropes

Existing /

AV Support
Ropes




Hold-Down Ropes

Existing /

AV Support
Ropes




Hold-Down Ropes

Analysis of AV stress and buckling
Material constraints:
Strength (reduce thickness)
Radiopurity (ext bkgs)
= tensylon chosen



Hold-Down Ropes

Analysis of AV stress and bu
Material constraints:
Strength (reduce thick
Radiopurity (ext bkgs
= tensylon chosen




Hold-Down Ropes

Analysis of AV stress and bu

Material constraints:
Strength (reduce thick
Radiopurity (ext bkgs)

= tensylon chosen




Hold-Down Ropes

and bu

uce thick
xt bkgs

r
N\ SNO Event Dusplay N\ SNO Event Dvspla

File Move Display Data Windows File Move Display Data Windows







Electronics: Translation

SNO electronics

9728 channels:
4 PMTs per daughterboard

8 DBs per motherboard
16 MBs per crate
19 crates
3 charge + 1 time per channel

VME-like "SNOBUS” interface

Single-crate readout
= 2Mbit/s max bandwidth
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Electronics: Translation

SNO electronics Y2 X3

9728 channels:
4 PMTs per daughterboard yz
8 DBs per motherboard |
16 MBs per crate e L e

19 crates /_‘m ‘- :
3 charge + 1 fime per channel/ = ’ X
VME-like "SNOBUS" interface | gy
Single-crate readout ;i “

= 2Mbit/s max bandwidth

-

SNO+ electronics

New custom crate-readout cards in each crate

Autonomously push data to central switch
Via TCP/IP - robust, natural combination




Electronics: Translation

SNO electronics
9728 channels:

4 PMTs per daughterboard

8 DBs per motherboard
16 MBs per crate
19 crates

3 charge + 1 time per channel
VME-like "SNOBUS" interface

Single-crate readout

= 2Mbit/s max bandwidth
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New custom crate-readout cards in each crate

Autonomously push data to central switch

Via TCP/IP - robust, natural combination



Electronics: Trigger

Higher rates / occupancy = requires new design

Discovered previously unknown deadtime in SNO trigger logic:
= requires new logic

+ Ability to force retriggers

Important for tagging low E
bkg coincidence events

FRONT END TIME -+ +f -] 3

% !
1 i
110ns delay fm FEC to MTCA i Revert back to FEC time
3 i
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Electronics: Analogue Trigger Sum

NHit100Hi sum

NHit100Hi sum

3 ~"  6.13MeV Y
3 - (0,0,0)

- D20

1 6.13MeV Yy
(200,200,400)
- D20

0
Time (ns

2000
o=

SNO:

Analog Measurement Board

evaluated trig sum properties:
- integral
- differential at t/h crossing
- peak height

i / (200,200,400)

6.13MeV Yy

Scintillator
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Electronics: Analogue Trigger Sum

.. mi=ws! Fully digitised trigger-sum waveforms
M. 250MHz (4ns sample size)
s 110-sample window: include inter-event deadtime

ADC counts
ADC counts
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Analysis:

Existing fortran package (SNOMAN)
VS ’
New C++ package (RAT) |

Jan 2009
irst MC meeting May 2010

First data-processing module Mid 2011
Expect first data

Task Name 3rd Quarter 4th Quartel 1st Quartel

Low Voltage on (first ECA data)
DAY ZERO: HV on
Water Fill
Scintillator Fill
DAY ONE: Physics Running (neutrino runs)
Formalise WG structure
Create GANTT chart
Scintillator/MC FG
RAT vs SNOMAN verification ————
verification of scattering Mohammad
verification of absorption i i %],lan Coulter[10%]
impact of new PMT model il
step-by-step comparison of Nphotons i ifiann[50%]
final comparison of important quantities Gabriel Orebi Gann[50%;
Documentation of changes and results Phil Jones,Gabriel Orebi|Gann[50%]
Monte Carlo
Database
PMT Calibration / DAQ
ECA
Code to extract charge pedestals ann[95%]
Code to extract time slopes i Gann[95%]
Verification of extracted values 1
Documentation of method and code 1 @l Gabriel Orebi Gann[95%]
Test on single-board data Gabriel Orebi Gann[95%]
Test on on-site data o ielQrebi
Test on full detector data

ajor undertaking

hort timescale

imited manpower
= optimise efforts

o0 o8 o8 o0 o8 o8 50 50 o8 50 o o8 o8 o0 o 50 ol o8 ol o8 o8 o0 o0 0B o0 oBE

= priorifise goals S i

Split +Inactive Task ") Manual Summary P——

Project: DayZero Milestone Inactive Milestone > Start-only C

Date: Tue 9/14/10 Summary Inactive Summary Y 7 Finish-only

o
é a | m ' D a Z e r Project Summary Manual Task Deadline
External Tasks S Duration-only Progress




Analysis:
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Analysis:

PMT hit time}
P——

RAT Late pulsing
SNOMAN /

; AN
\ Nty

Prompt peak Reflections tm
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Charge pedestals:

'zero point’ or 'baseline’ charge
l.e. charge measured in absence
of photon hit

16 storage cells per channel H
Use “ped’ pulse to force trigger
10 events per cell

for each of:

16 cells * 32 channels *
16 cards * 19 crates

(= 155,648 cells)



Analysis:
FIRST SNO+ DATA! -
Charge pedestals: '
'zero point’ or 'baseline’ charge
l.e. charge measured in absence

of photon hit

16 storage cells per channel H
Use “ped’ pulse to force trigger
10 events per cell

for each of:

16 cells * 32 channels *
16 cards * 19 crates

(= 155,648 cells)



Looking Forward

@ SNO+
-» Electronics installed:
- HV on:
-2 Light water fill:
-» Scintillator fill:
-» Solar Phase:

-» OVPBP Phase:

mid 2011
late 2011
late 2011
mid 2012
Jan 2013

2013+



Looking Forward

@ SNO+
z"‘—"-—-——.—’%*““""""""‘f""""‘*a Channel calibrations
L--&- Electronics installed: mid 2011 %
R p— ,.M

> HV on: late 2011

-® Light water fill: late 2011

- Scintillator fill: mid 2012

-2 Solar Phase: Jan 2013

-2 OVBP Phase: 2013+



Looking Forward

@ SNO+
W*‘*W Channel calibrations
L--&- Electronics installed: mid 2011 %

e s sl
-*Wm . i )
Z..&.. HV on: late 2011 < PMT calibrations

mew

-2 Light water fill: late 2011
-» Scintillator fill: mid 2012
-» Solar Phase: Jan 2013

-® OVPP Phase: 2013+



Looking Forward

@ SNO+
MMMW Channel calibrations
.»- Electronics installed: mid 2011 %

L w==$“’M

! > I-IV* - late 2011 < PMT calibrations
\

E -®- Light water ﬁ|| late 2011 2‘ Detector calibrations

-» Scintillator ﬁll mid 2012

-» Solar Phase: Jan 2013

-» OVPBP Phase: 2013+



Looking Forward

@ SNO+
W;ﬂim Channel calibrations
Yo wom  late 201
+ - Scintillator ﬁm
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-» Solar Phase: Jan 2013
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y T e Channel calibrations
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Scintillator calibrations




Looking Forward

@ SNO+
!"‘"’“"“"‘"‘““‘”““”"“‘""‘"""‘""""‘5 Channel calibrations
L--&- Electronics installed: mid 2011 %
..-M
! % HV""""""""""’"“ ia’re 2011 & PMT calibrations
o3 on: X
W
2 Light water fill: late 2011 &., Detector calibrations
W
& Scintillator ﬁlr.. mid 2012% Scintillator calibrations
. S
-» Solar Phase: Jan 2013{ Solar v Physics!
¢ -» OVBP Phase: 2013+ % OvBp Search!
Mww



Physics Plan

® SNO+

-2 Light Water running
(Jan 2012)

-2 Scintillator run
(Jan 2013)

-» Nd-loaded scintillator
(Mid 2013)

-»- Pure scintillator (II)
(2016?)

nucleon
decay

initial
solar study

Phase |
pp

detailed
solar study




Looking Forward

@ Beyond SNO+

CLEAN:
Solar v + WIMP search

))))

* Liquid noble-gas target
* 50ton (T72m target vol)
'} * Interchangeable target:

1. Ar (T = 85K) 2. Ne (25K) S5
+ A~ 40 (2* DM rate) + AT 20

+ Self-shielding + Very clean
+ Very cheap + Cheaper than Xe, He
+ 3%Ar bkg (1 Bg/kg)

T2 = 250 yr ~1% pp measurement

BT M | RIS R T . N— .
I PR s ) == KR il W ! ..ll.l a . A F R, TE
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e Currently being converted from original SNO experiment
e A multi-purpose neutrino experiment
e Broad physics programme
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Summary

SNO+

e Currently being converted from original SNO experiment
e A multi-purpose neutrino experiment
e Broad physics programme

Solar v Physics at SNO+
e Insight into vs & the Sun
e Test oscillation theory
e Test solar models
 Potential for exciting new
discoveries

Status report
e New hardware commissioned
e Detailed simulation in place
e Focus on readiness for Day Zero (first data!)






Nuclear Matrix

Different
techniques
can give
quite
different
results for
NME values:

Sense and Sensitivity of BB expts: arxiv/1010.5112

Elements
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OvBp Experiments

_Exp1L Approach

Self-shielding: low ext bkg
Large self-shielding Large M, easily scalable
calorimetry Source in / source out caln
High defection efficiency

Lower E resn

Relatively easy to enrich Qpp ~ 2.46MeV: close to
Xe TPC No long-lived r/a isotopes | 2°%Tl, hard to disentangle
Scintn + ionisation signals 2VBP not yet observed

No fracking
Ltd bkg suppression (exc E)
Poor self-shielding

High-resolution Excellent E resn
calorimetry Simple, compact

Low detection efficiency

Tracko-calo expt Good bkg rejection Low E resn
Very hard to scale




OvBp Experiments

Expt BKg rate | Efficiency

SNO+ >ONd 2.0 1.00 Large
self-shielding

136%e 4.0 0.5 0.80 calorimetry

KamLAND
-Zen

NEXT-100| !3*Xe 1.0 0.2 0.25

EX0-200| "**Xe 3.5 2.5 0.40

CUORE 130Te 0.4 50 0.85 High-
resolution

6Ge 0.2 3.7 0.85 calorimetry

Gerda/
Majorana

Super- - Tracko-calo
S 5.0 0.4 0.25

NEMO © o . expt

Sense and Sensitivity' of BB expts:'arxiv/1010.511




Geo Neutfrinos

Electron antineutrinos from U, Th, K decay in the Earth

Inverse B decay threshold

—-=- E9) series
........... “*Th series

h Check models of Earth’s
A heat production

~~~~~~~~~~~ Geoneutrino Event Rate (Crust+Mantle)

Number of anti-neutrinos per MeV per parent

)

- N W b O
IR

1 1. : 5
Anti-neutrino energy, E_ (MeV)

Latitude [deg]

N. Tolich,
Neutrino 2010 presentation

mﬂpuo;o:d-uous;ua\g

Longitude [degl

Image: S. Enomoto

All figures assume Sanshiro Enomotos model for U, Th content of crust and mantle



Geo Neutrinos: SNO+

~20% mantle contribution i KamLAND

Smaller reactor background than KamLAND
geo V

Expect ~20 events / yr

KamLAND:
~500 reactor Vv
VS
~100 geo Vv
U
by = 4.3 + 14
*¥10°cm-2s"!
(K. Inoue, neutrino 2010)

U & Th Chain

Events / 10* proton-year / MeV

Nuclear Reactor Background

IllIIIIlllIIIIIIllIllllllllllIIIIIIIIIIIIIII

LS
IRINERY SN IR NN B O I TN 0 A SN N U A N NN NN O A NN O A AN AN ' I I

1 2 3 4 S 6 7 8 9 10
Positron Deposited Energy (MeV)

o
o




Geo Neutrinos: Status

Flux measurements (*10°cm-2s-1):
KamLAND (2010): 4.3 + 1'21,1 (K. Inoue, neutrino 2010)
Borexino (2010): 7.1 + 29,4 (Phys. Lett. B 687, 299)

+

mantle scaling

(Not inc errors in model,
other than mantle/crust

1 1.5 2 2.5
scalings) N. Tolich, Neutrino 2010 presentation crust scaling




Geo Neutrinos: Status

Flux measurements (*10°cm-2s-1):
KamLAND (2010): 4.3 + 1'21,1 (K. Inoue, neutrino 2010)
Borexino (2010): 7.1 + 29,4 (Phys. Lett. B 687, 299)

+

mantle scaling

e —

0.5 1 1.5 2 2.5
N. Tolich, Neutrino 2010 presentation crust scaling




SNENEY Analysis: LETA
% Low Energy Threshold Analysis




SNENEY Analysis: LETA

% Low Energy Threshold Analysis
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SNENEY Analysis: LETA

Low Energy Threshold Analysis

R,

Cross-
section for
EV — 6N\eV

Survival Probability

TTTTTTTTTITTT I TTT]ImoT

TTTTTTTTT]TTTIT]ITTT III||I|II|IIII

Typical 035 Expanded sensitivity

LMA | More statistics
curves

1

— Previous SNO analyses

ITIIITIIIIIIIIITIITII

\
11 1 \l\l‘».Ll | PR B
14 16 I8 20

Neutrino Energy (MeV)




Cross-

section for

New Analysis: LETA

Low Energy Threshold Analysis

EV — 6N\eV

Typical
LMA

curves

Survival Probability

0.55

0.50

0.45

0.40

0.35

0.30 ——-
(

—
-
-

ITII]TIII[]TIIIIIIT]I\

O
1

=)
‘s
TTTTTTTTT]TTTIT]ITTT III||||II|IIII

AlllJ«Klllll l lllllll\l\Lllllllllll

10 12 14 16 18 20
Neutrino Energy (MeV)

_gl_%“ 0.05
0.045
0.04

0.035

0.03

0.025

0.02

0.015

0.01F
0.005 FE

[ o o — 1

Expanded sensitivity £
More statistics 3
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n
capture

(isotropy)

Fiducial
volume

LETA

Reduced Uncertainties

2%

mmmmmm Original analyses



Systematic

Effect on rate /%

NC CC1

CC12 ESO

Systematic

Angular resn (+)

Angular resn (~)

Angular resn (+)

Angular resn (=)

Axial scale (+)

Axial scale (=)

Axial scale (+)

Axial scale (=)

Z scale (4)

Z scale (=)
scale (+)

Z scale (-)

X offset (+)

X offset ()

X offset (+)

X offset (—)

Y offset (+)

" offset ()
" offset (+)
" offset (—)
offset (+)

Z offset (=)
offset (+)
offset (=)

X resn

X resn

Y resn

Y resn
resn

Z resn

I
I
11

11
11
I

I1
11

11

-0.032 -0.688
0.039 0.648
—0.058 —0.458
0.065 0.298
-0.030 0.261
0.188 -2.377
0.030 —0.366
-0 320 —-1.981

n
capture

P14

(isotropy)

Fiducial
volume

—0.075
0.128
—0.172
0.194 —3.488
0.128 0.047
~0.746 —1.344
0.079 —0.037
—0 407 —().892

0%

1.176
LATT

3.219

Systematic

Effect on rate /%

NC

CcCl CCI12

ESO

t—dep fid vol (+)
i—dep fid vol (—)

Effect on rate /%

NC CC1 CC12 ESO

T scale (+)
Toss scale (—)
T scale (+)
Toss scale (—)
T.g scale (+)

1%

i—dep fid vol (+)
t—dep fid vol (—)
Jut acceptance (+)

—0.293 —-2.037 —2.144 —0.156
0.137 0475 0913 0.035
0.030 —0.956 —0.337 —0.148

—0.084 1.659 0.652 0.236

—-0307 0317 -1.094 0.105

“ut acceptance (—)
hotodisint.n (+)
*hotodisint.n ()
leut cap (+)

2% 3%

4%

I

LETA IT

mmmmmm Original analyses
| ETA

0.397
-0.230
—0.698
0.825
0.357
1.039
-0.180
0.183
~0.049

2]

"
1

5

-0.277
0.119
0.7

-0.99
0.519
1.299
0.134

-1.735
1.027
—1.144
1.376
0.434
1.136
—0.002
0.100  0.004
-0.797 0.003
0.829 —0.001
0.616 —0.001
0612 0.003
0.040 —0.000
-0.053 0,001
-0.751 0.008
-0.463 0.003
—6.482 —0.003
3217 0.004
0.814 0.001
-0.328 0.003
—2875 0,003
1.746  0.000
-2371  0.002
0.870 —0.000
5674 —-0.004
-2.113  0.003
0.735 —0.000
-1.014 0,003
2271 0.002
0.559 0.000
4456 0.029
~4.102 -0.027
~1.388 —0.001
0.192  0.005
1.054 —0.006
1.304  0.000

0.378
-0.233
0.322
—0.389
0.451
L171
0.026
0.023
~0.074
0.084
0.062
0.060
—0.001
—0.011
~0.056
~0.182
—1.469
0.821
0.196
0.010
—0.402
0.238
—~0.185
0.440
0.774
~0.203
0.370
~0.111
0.714
0.500
0.396
~0.802
~0.008
0.060
0.257

0.459




Direct Fit for

Energy-Dep Pec
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Direct Fit for
Energy-Dep Pec

No distortion, no a/s:
AX? = 1.94 / 4 d.of.
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Direct Fit for
Energy-Dep Pec

No distortion, no a/s:

Ax? = 1.94 / 4 d.of

LMA Prediction:

o))

c © o 9o
W =

<

Night Survival Probability
(§)

Ax? = 3.90 / 4 d.o.f.

N
| | |

NIGHT

— Polynomial
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-Previous global best-fit LMA point:
- 1'0”2612 - 0.468

Am? = 7.59x10™° eV?
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4.47 x 107y

Background
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2.45 x 105y
o 4.86
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