Measuring the neutrino mass

J.J. GOmez Cadenas
IFIC (CSIC & UV)

St. Andrews, INSS, 2014
Lecture 4



Calorimeters



High resolution experiments: Ge diodes, Te bolometers
and scintillation bolometers



Germanium detectors
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Ge has three desirable properties as as a detector:
Is dense (therefore suitable as a calorimeter)
- Can be manufactured with high purity (avoiding backgrounds in the
material itself)
- Is a semiconductor: very good energy resolution

Ge detectors must be cooled (~120 K) to avoid thermal excitation of electron-
pair holes that would spoll energy resolution



GERDA (GERmanium Detector Array)
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» Located in Hall A at Laboratori
Nazionali del Gran Sasso of INFN

» 3800 mwe overburden

» Array of bare enriched Ge detectors
in liquid argon (LAr)

» Minimal amount of material in

Experiment structure

» 590 m3 Water Tank to absorb
neutrons and veto cosmic muons

» 64 m3 Liquid Argon (LAr) for cooling
and shielding (and vetoing)

» Plastic scintillators above the
cryostat to further veto cosmic




(Gerda detectors
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0.2 % resolution (~5 keV @ Qgp)
Reprocessed from previous
experiments. Active volume 87 %
Total enriched (useful mass): 14.7 kg
Deployed in strings of 3 detectors

detector FWHM [keV] | detector FWHM [keV]
SUM-coax | SUM-bege

ANG 2 5.8 (3) GD32B 2.6 (1)

ANG 3 4.5 (1) GD32C 2.6 (1)

ANG 4 4.9 (3) GD32D 3.7 (5)

ANG 5 4.2 (1) GD35B 4.0 (1)

RG 1 4.5 (3)

RG 2 4.9 (3)

mean coax 4.8 (2) | mean BEGe 3.2 (2)

BEGe (Broad Energy Germanium)
0.1 % resolution at 2.6 MeV (~3 keV @ Qpp)
Enhanced Pulse Shape Discrimination
20 kg already produced and tested
1 strings of 5 detectors inserted in Gerda.
Active volume 92% 7



live time fraction

GERDA | data taking

- Total mass of detectors deployed
+ 8 coaxial: 17. 7 kg

N runs 25-32,34-43 44-46 GEROA TS S - 5 BeGe: 3.6 kg.
. T mall T o
T 205 - Total mass: 21.3 kg
08 {2 - Not all detectors active at all times due to
. s different deployment times and
A --E 12 \ \
; o instrumental issues
i il s - total running time
1 e
y ; . 0/, -
o2f o i) OV analysis | 18.6 months, duty factor 88%: 492.3
< Background model ———» e days
0.0 O A T 1 o 1 L L '0
Nov-11 Feb-12 Jun-12 Oct-12 Jan-13 date May-13 . total exposure
- 21.6 kg x yr

- Thus the overall “exposure efficiency” is
roughly 12/18 ~ 66%



The 2v mode
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» Measured by GERDA with

5.04 kg-yr exposure

» High signal-to-background

ratio: small systematic error
due to background model

> T3, = (1.847571p) - 107! yr
» J. Phys. G: Nucl. Part.
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Cutout because of background line

| I|i r ] ]

Blinded Window E (keV)

Background analysis window

Fig. 1 Representation of energy spectra for definition of the
energy windows used in the blind analysis.

- Background sources

-« Ard2 —K42 (LAr shield)

- Contamination of bulk materials and
surfaces with trace elements from
the two main radioactive chains,
U238 and Th232.

Radon (Rn222)!

DA background model

- The strategy is to blind out the region

where the signal is expected, to avoid
biases.

- Then measure the expected background

In the signal region using an energy
window around it.

- Construct the background model from the

known activities of the materials in the
detector and the environment.

- Use the known, narrow energy lines

(resolution!) to normalise

10



RDA background budget

Table 2 Gamma ray screening and 222Rn emanation measurement results for hardware components. The activity of the
mini shroud was derived from ICP-MS measurement assuming secular equilibrium of the 238U decay chain. Estimates of the
BI at Qg are based on efficiencies obtained by MC simulations [13,14] of the GERDA setup.

) value derived for 1 mg of Li salt absorbed into the surface of each detector

component units 40K 214Bj&22%Ra 228Th 60Co 222Rn BI
1073 cts/(keV -kg-yr)

close sources: up to 2 cm from detectors

Copper det. support  pnBq/det. <7 <1.3 <1.5 < 0.2

PTFE det. support uBq/det. 6.0 (11) 0.25 (9) 0.31 (14) 0.1

PTFE in array uBq/det 6.5 (16) 0.9 (2) 0.1

mini shroud uBq/det. 22 (7) 2.8

Li salt mBq/kg 17(5) ~ 0.003f

medium distance sources: 2 - 30 cm from detectors

CC2 preamps uBqg/det. 600 (100) 95 (9) 50 (8) 0.8

cables and

suspension mBqg/m 1.40 (25) 0.4 (2) 0.9 (2) 76 (16) 0.2

distant sources: further than 30 cm from detectors

cryostat mBq 54.7 (35) <0.7

copper of cryostat mBq <784 264 (80) 216 (80) 288 (72)

steel of cryostat kBq <72 <30 <30 475 ] <0.05

lock system mBq 2.4 (3) <0.03

228 Th calib. source kBq 20 < 1.0

11
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DA spectrum

Bi-214 1765 keV

Bi-214 2204 keV

enriched coaxials, 16.70 kg x yr

TI-208 2615 keV

GEnnsosj

K-40 1461 keV
K-42 1525 keV

enriched BEGes, 1.80 kg x yr

GERDA-130

I | S 1 1 Y

Green line: Blinded signal region
Horizontal bar: region used to measure background.
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Fitting the data

GOLD-coax

data/model ratio

O
o © > o
ﬂ-o

600

800

1200

1400 1600
energy (keV)

events/(30 keV)

107

10

— K42
--- K40

Ac228
Th228

—————
—2vpp

T T T T T T

=== Alphas
Co60H

— Co60inGe

— Bi214H

— Bi214P

oo ©0°©°

o

data/model ratio
O a N WwWwh 01__
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Minimum model for Golden
dataset

>

Only known and visible
contributions considered

Data used:

09.11.2011-03.03.2013 in order
to be in time for the unblinding

Fit range: 570-7500 keV

No hint for any different behavior
in the last 3 months of data

Background Model published:
EPJC 74 (2014) 2764

Alternative (maximum) model
constructed, including all
possible backgrounds
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events/keV

events/keV

Background prediction before PSD

» Both min and max model predict a flat bkg at Qgg — unblind side-bands!
» Bl predicted from bkg models and fitted from data are in agreement

B data —2vfp Th228 H Co60 H
102 UB data === Alphas Ac228 H — Co60 Ge
— model —Bi214 H — K42 LAr
10 —Bi214 p+ ---K40H
1
10" ~ .
102 | ] T
1.0
05 ol et gyl == -
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102 UB data === Alphas Ac228 H — Co60 Ge —Bi214 S
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Bl before PSD interpolated
iIn the Region of Interest:

GOLD-coax SUM-BEGe

Bl in ROl before PSD
(10 keV for coaxial, 8 keV for BEGe)

[1073cts /(keV -kg-yr)]

interpolation  17.5[15.1, 20.1] 36.1[26.4,49.3]
minimum 18.5[17.6, 19.3] 38.1[37.5, 38.7]
maximum 21.9[20.7, 23.8] -

Analysis recipe: fit with Gaussian peak
and flat background in the 1930-2190 keV

region, excluding known gamma peaks at
2104 (?98TI SEP) and 2119 keV (?'*Bi).

14



Pulse Shape Discrimination

» PSD: distinguish between (0v203) signal-like events (SSE) and background-like
events (MSE, p™, nt)

» Different PSD needed for coaxial and BEGe detectors

weighting potential

GERDA 13-086]

o
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» Simulated current
pulse in coaxial
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Profile Likelihood Method
» best fit N% =0

» No excess of signal over bkg
» 90% C.L. lower limit:

0%, > 2.1-10% yr

» Median sensitivity: 2.4 - 10%° yr

Bayesian Approach
» Flat prior for 1/T(1)’72 in [0; 107%4] yrt
> best fit N% =0

» 90% credibility interval:
%, > 1.9-10% yr

» Median sensitivity: 2.0 - 10%° yr

Phys. Rev. Lett. 111 (2013) 122503
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Reproducing Gerda results

- Run example GERDAIl.py in
- Run example GERDAI.py in

pybbsens software

- Input:
- efficiency = 0.62
- AE =0.02 % at 2040 MeV

- B=1.32 x 102 ckky

- Exposure =21.6 kg Xy
- Statistical approach

+ 90 % CL using Feldman & Cousins.
- Result

- TV =22x10%y

pybbsens software

- Input:

- efficiency = 0.62

- AE =0.01 % at 2.6 MeV
- B=1.x1073 ckky

- Exposure: 200 kg x y

- Mass 50 kg BeGe

- Time 4 x 1.5 ~6 years

- Statistical approach

- 90 % CL using Feldman & Cousins.
- Result

- TOV=23x10%y

17



GERDA |

i 3
150~ % “m; =0.324+0.11
1=1

Inverted
IH

Normal

200 300 400 500

Mygnt (€V)

In terms of mgg
ISM (worst case): 648.7 meV; IBM2 (best case): 257.8 meV

Not yet in “cosmo-region”
18



Phase |

How to reach 10°° yr sensitivity in T7",?

» |Increase the statistics

e More active mass (new BEGe detectors)
e Longer data taking

» Improve energy resolution

e Use BEGe detectors
e Improve shaping filter

» Reduce Background

e Cleaner cables and electronics
Lighter detector holders

L
e Special care in crystal production
e Reject residual background radiation

e Improve PSD (BEGe detectors)
e Read LAr scintillation light

The approach is incremental. No new
technology providing an extra handle, but
systematic improvement of the detector.

19
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Zmi —0.32+0.11
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20 300

m, (meV)

400

*+ In terms of mgg

ISM (worst case): 200 meV; IBM?2 (best case): 80 meV
- Gerda Il will explore a fraction of the “cosmo-region”, but still

“degenerate hierarchy”




Bolometers using natural Te: CUORE

Cryogenic Underground Observatory for Rare Events

i

il

T

:

¥

- Search for OvDBD in 139Te using an array of 988 natural
TeO, bolometers

DI

_-“ll.' ‘“ =
kl | Y

Detector parameters:
- 130Te mass: 206 kg (~10%7 nuclei)
- 988 TeO, bolometers (741 kg)

- 19 towers
- 52 bolometers/tower
- Single bolometer:
- 5x5x5 cm? TeO, crystal

Goals:
- Resolution: 5 keV FWHM at 2.5 MeV
- Bkg: 0.01 counts/(keV kg y)

Detector cool down at the end of 2014 i

21



The Bo principle (also good for 3 experiments)

E
Energy releases produce a measurable temperature rise of the absorber crystal: A7 = E

<4 Heat bath (10 mK)
OFHC copper

Weak thermal link
PTFE supports

'« Sensor
¢

NTD Ge Thermistor

\ Absorber

TeO, crystal
Absorber ‘E

- Dimension: 5x5x5 cm3 i

. M2 0.75 kg 3 Output signal
- C~10°)J/K

- AT/AE ~ 100 pK/MeV

100 pV/MeV

Sensor
. R = RO exp[(T/T)¥2] \4

- R~ 100 MQ A}H\‘.H‘.H\.H‘.H\H
. AR/AE ~ 3 MQ/MeV - - >

22



Cuore assembly

- Copper support structure
- Teflon supports

- Crystals

- Wire trays

All operations performed in glove boxes to avoid radon recontamination

23



Cuoricino (2003-2008)

- 62 TeO, bolometers = S0F =
. 41 kg (11.3 kg in Te) 2 e — ewcCL
- Statistics: 19.75 kg y in *°Te  z o[- —— 90% C.L.
- Resolution: 6.3 keV FWHM g 1sE !
- Bkg: 0.15 counts/(keV kg y) g E ,
(7909 crystals only) = F \
236 |
T1,>2.8%10" y @90% CL 20 ] ] ] ]
- ° . L7 | } ! A ! !
mz:<0.30+0.71eV 105 j
PP o= I { RS { ﬂ | ﬁ
Astropart. Phys. 34 (2011) 822-831 D ——r T T I rre— 25'6]2' ' [k' =
nergy [ke
Main background contributions _ Bkg spectrum
« Gammas from 2%T] (232Th cont. in cryostat shields): (30+10)% f = L Cal spectrum
- Radioactive contaminations from crystal surfaces: (10+5)% 2 F 214Bj
- Radioactive contaminations from Cu holders surfaces: (50+20)% Ti : . degraded
3 I e

—
z!
;

Crystal contamination: double hit S A a0 300 5350 3R00  sas0 300" 350 3800
Copper contamination: single hit Energy (keV)




Cuore-0

- A single CUORE-like tower:
.+ 52 5x5x5 cm? TeO, bolometers

- Test of the CUORE cleaning procedures
- Test of the CUORE assembly procedures
- A sensitive OvDBD experiment

- Same detector mass as CUORICINO:
- TeO2 mass: 39 kg
- 130Te mass: ~11 kg

- Shielding:
- Internal and external lead shield
- Borated pohlyethylene shield
- Anti radon box

Started data taking in March 2013

Operated in the CUORICINO cryostat:

v background not expected to change === study background due to

near surface contaminations

25



Calibration

CUORE-0 Calibration Spectrum

CUORE-0 Calibration Spectrum

E 16 —CUORE-0 Preliminary E 16 —CUORE-0 Preliminary

ETI. s

S - S T

g 1 g 12f
10— 10

8| 8

6 o FWHM: 6.3keV

- - G 2.2keV

4 a4

21— 2

0 500 1000 1500 2000 2500 12605575 2350 3390 2600 2610 26202630 3640
Sep-09-2013 Energy [keV] Sep-09-2013 Energy [l

% 12_— — CUORE-0 Prelimina . . . .

s i Calibration performed by inserting
°F DiSt';ibutionfOLthg uegerg% 232Th source between the cryost
sl - resolution of the - :

- bolometers and the external lead shield
L Energy resolution: 6.3 keV FWHM
ok S B - R I =550

2013-09-05

FWHM at 2.6 MeV (keV}
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Background (Cuore-0)

counts/keV/kg/y

[

Il !illlll

107!

102

103

]| IIIlI||

— Cuoricino

— Cuore-0

I IHII][

—
=

CUORE-0 Background Spectrum

Counts’keV/kg/yr

=

=l
T T T

| CUORE-0 Preliminary

FWHM: 5.6keV
c: 2. 1keV

1000 2000 3000

4000 5000

6000

7000 8000

Energy [keV]

238 v lines reduced by a factor 2 (better radon control)
232Th vy lines unchanged (originate from the cryostat)
238 and 23?Th o lines reduced thanks to improved detector surface cleaning

' i
2%60 2570 2580 2590 2600 2610 2620 2630 2640 263C
Energy [keV]

|, I|J Energy resolution in bkg

5.6 keV FWHM

Avg flat bkg [counts/(keV kg y)] Signal efficiency [%]
Flat background ; ;
OvDBD region 2.7 — 3.9 MeV region (detector + cuts)
CUORICINO 0.153 £+ 0.006 0.110 = 0.001 83+1
CUORE-0 0.074 + 0.012 0.019 + 0.002 78 + 1




Background budget

- New cryostat with radio-pure materials: y contributions are made negligible

- Less copper surface facing the crystals: o bkg from copper surfaces can be reduced

- More crystal surfaces facing each others: more effective anticoincidence, negligible
o bkg from crystal surfaces

L. s 90% CL limit Bka GOAL: :

CUORE Preliminary ® value 0.01 ﬂ,kev,kg,y Sggi?rl\llg;c:rse
Near Surfaces : TeO, Pl i S A A A A A
Near Surfaces: Cu NOSV or PTFE ///////////////////;’/
Near Bulk:  TeO, ST S ST S : \
Near Bulk: Cu NOSV 77 e R
Cosm. Activ.: TeO, S S S S S S S S S S This is the “alpha”
Cosm Activ: CuNOSV S S S S s continuum background
Near Bulk : small parts L7 20 il e i i g g o g g e g measured in CUORE-0
Far Bulk: COMETA Pb top A (0.019 counts/(keV kg y)
Far Bulk: Inner Roman Pb WA _ _ o
FarBulk:  Steel parts SSSS LSS ;‘;c')'g";'(fsg'm“'at'on still in
Far Bulk: Cu OFE S S S S S S S SSSSSSSS
Environmental: muons — @
Environmental: neutrons @
Environmental: gammas VA

0.01 0.1 1 10 100

Counts/ROl/tonly
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Predicting CUORE results

150

- Mass 206 kg

; 3
© Y m;=0.32+0.11
i=1

50

Inverted
IH

- Run example CUORE.py in
pybbsens software

 Input:

- efficiency = 0.87

-+ AE=0.02 % at 2600 MeV

|+ B=1.x102ckky (projected)

.+ Exposure =1000 kg x y

- - Statistical approach

Normal
| | ‘ | | | | | | |

- Result

200 300 400 500 . Tov=1x10%y

>m, (meV)

« Time ~5-7 years
* mpp = 41-129 meV

- Reaches similar sensitivity on period than

GERDA-I but more sensitive to mgg.
Will cover a significant fraction of the
cosmo-region (depending on NME)

+ 90 % CL using Feldman & Cousins.

29



Scintillating

Bolometers

////{///// Heat bath ~ 8 - 12mK

2 Weak thermal coupling

y.

Energy release

Incident Radiation {

hermometer

Thermometer:
NTD Ge thermistor
R~1-100 MQ

: Light

Absorber Crystal
C~10° J/K

| Thermometer

A particle interaction in the crystal causes a
temperature increase.

The temperature increase can be transformed in a
voltage variation by means of proper sensors.

If the crystal scintillates, a further
background suppression can be achieved
by means of the scintillation light read-
out.

B/y events, indeed, emit more light with
respect to a events.

Therefore, we expect the two different
events to lie on different bands in the
light vs heat scatter plot.

30



The detection technique

2615 keV Q aQF<1 If the crystal scintillates, a further

background suppression can be achieved
by means of the scintillation light read-

< ‘ out.

2 Ov2p | : B/y events, indeed, emit more light with
= i k] - respect to o events.

© EV%’TS EVENTS Therefore, we expect the two different

events to lie on different bands in the
1 | light vs heat scatter plot.

> Only B/y back il
B — nly B/y backgroun

HEAT SIGNAL
Research Proposal (B1) LUCIFER 2009

31



Lucifer (Lumineux)

Lucifer will be composed by an array of 32+36 enriched (95%) Zn&Se crystals.
The total 82Se nuclei will be (6.7+8.0) 102°

The mass of the single detector will be 460 g
The expected background in the ROI (2995 keV) is of the order of 1+2 103 c/keV/kgly

The energy resolution of the single detector is expected to be ~ 10+15 keV FWHM

Light detector

Copper holder

Scintillating crystal

<+«— Reflecting foil

‘ <«—PTFE

Thermometer

32



side KamLAND

Low resolution, high self-shielding experiments: LS
calorimeters, KamLAND-ZEN and SNO+

33



Large self-shielding calorimeters: Optimise AB

Basic idea: Deploy a mini-balloon full of Xe-loaded scintillator

into the middle of KamLAND

Running detector

-> relatively low cost, quick start Ty Chimney
-> detector well understood 5 Corrugated Tube
-> experience with balloons, / 11/ Film Pipe
L . A
LS. pUI"IfIC.ZClTIOH : fl _ Suspending Film Strap
-> ohgoing antineutrino program ( [{/ ‘ ' Photomultiptier Tube

outside Xe mini-balloon

Large and clean

-> negligible external backgrounds

Xe-LS 13 ton [PKL]

R . _
ho escaping/invisible /y energy |30 kg Xe) N
l ”\‘Lf\ \‘\\\\\\\\ \\ \ ‘l ll ll 11 11 1[ /Ilyjj
Highly scalable Outer LS
. . n
-> 100s of kg of 136Xe in first phase X

-> up to several tons
with larger mini-balloon

— Buffer Oil

~ Outer Balloon
(13 m diameter)

\\ Inner Balloon
(3.08 m diameter)

Disadvantage: energy resolution (4.0% at 2.458 MeV)

NOTICE: AE~10 % FWHM at QBB (eg: factor 50-100 Ge calorimeters)
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Mixing target and detector: Xe dissolved in LS

Technical challenges: Xe-loaded liquid scintillator (LS)

« Match light yield to existing KamLAND LS
-> Achieved: matched to within 3%

« Similar overall density to existing KamLAND LS,
for mini-balloon integrity
-> Tuned to 0.10% higher density

« Xe loading: (2.52 + 0.07) % by weight

« Composition:
82% decane
18% pseudocumene
2.7 g/L PPO
(2.52 +0.07) 7% Xe

¢« Xeis(90.93 +0.05)% 136Xe, (8.89 + 0.01)% 134Xe
« 129 kg 136Xe in the fiducial volume



Mini-Ballon

Technical challenges: Mini-Balloon
. Tests in water to establish procedures for
* Ver'y thin: 25 wm nylon deployment, inflation, LS replacement

« Welded seams (1)

 Must be Xe barrier

 High transparency

« Low contaminations of U, Th, K

25 um Nylon 6 balloon

80 um polyethylene test balloon
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side KamLAND
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Signal and background

Expected background sources

Events/10keV/year

—

Simulation Total  — 208

—h —h
2 g
|

—k
o
o

Visible Energy[MeV]
(m,) = 150meV, Xe:400kg

- Understanding the background

model is crucial, since the
experiment is pure counting (no
peaks to fit).

- But it is difficult to calibrate well

the background model with data,
precisely due to the absence of
narrow peaks to calibrate.

- Notice that 2v mode, Bi-214 and

T1-208 background fully overlap
with signal area.

- Background is proportional to

Mys and area ballon but the
signal is proportional to Mxe.
Thus increasing the load

increases signal “for free”
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Recent results

B Event Selection

1.
2.
3.
4.
5.

Events/0.05MeV

Visible Energy (MeV)

Fiducial Cut
2ms veto after muon
Remove Bi-Po events
Anti-nu CC reaction cut
Vertex-time-charge test to cut noise
. After subtracting known B.G.
- (b)
35 —— Data ;]
= —— Total By
30:_ ---- Total “O“'Ag
= (OVBB U.L.)
'25:— e 135X OVBB )
2o (0%CL.UL) 7
15§— ,
10§—
SET -
o L _
-5:—...|...|. |
2.2 24 2.6 2.8

E(a)DS-1+DS2 —— pau g
5 —_— Total Sy
H]4 - -_lhxe zvﬂﬁ lIIJn:Ag
[ T TL'!IEI 218 213
- . (OvBp U.L.) U+""Th
o 107 om0 OVBB + 20 4 ¥
E - (90% C.L. U.L) External BG
g 102 :_ P — + Spallation
% = ™,
g -/ \
o 10g \
E \
1 —
5 E |
1{] ] _I |I 1 | 1 1 1 L I II lrl I' 1 I" III I -I\ 1 1 1 I 1 1 1
Unexpected Background 4

Energy [MeV]

T1), =2.30 x 10%'year
+0.02(stat.) + 0.14(sys.)

T1), > 1.9 X 10*°yr 90% C.L.

- Background

Half-life & energy spectrum fitting
m=) |dentified as """ Ag

—
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Reproducing KamLAN

D-/en results

150

50

; 3
© Y m;=0.32+0.11
2.—=1

Inverted
IH

Normal

300 400

m, (meV)

200

- Mass 170 kg in fiducial volume
* mgp = 127-355 meV

- Run example KZEN.py in

pybbsens software

 Input:

- efficiency = 0.55

- AE =10 % at Qgp

- B=6x10% ckky

- Exposure =89.5 kg x y
- Statistical approach
+ 90 % CL using Feldman & Cousins.
- Result

- TV=2.0x10®y
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Current KZ run: background distillation

« Run began Nov. 2013
« UOmAg reduced by > 10x

136Xe purification

replace ~ replace
with - with
\ . hew N BR
1y i\ adJusTmen‘r } | E‘g'f'ed \ LS
/.,'j,, by PC | ;l !‘ \. / N ‘\\\ //, -
Xe LS + 11OmAg LS + 10mAg new LS
Confirm 110mAg  Confirm 110mAg BG
remains in LS removal reduction
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Second phase: the 600 kg run

150 :
I - 440 kg x 5 yr ~2200 kg x yr

- B=6x10*% ckky =
-+ T%=1 x 10#*=mpgp = 53-149

meV
- B=10"* ckky =

- T=2.7 x 10?°=mgp = 35-98

50

meV

200 300 400 500
m, (meV)

- The second phase of KamLAND-ZEN appears to be capable of covering a
very large fraction of the cosmo-region. The crucial issue is to understand
the background index, which is very low and very difficult to measure.
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The SNO+ approach

 SNO+ DBD concept: deploy element containing DBD isotope
in LAB liquid scintillator

 SNO+ isotope: deploy 0.3% loading (~2.3 tonne) of Te
— 800 kg of 13%9Te (160 kg in 3.5m fiducial volume)

— Intention to increase loading once technique is demonstrated

130Ta-
%: 4.5b8Ca Te.
= * Highest natural abundance
G 35| 3 e  2vBP background 100 times

lower than for 1°°Nd

s See MO

: : Cdx * Large OvBPB matrix element
25— o XK€

L eTsn * Proven ability to load in LAB

2 LS

15:I 11 I | I S I | I | I | I | I | I I I | I I I | I I I | I S
0 5 10 15 20 25 30 35 40

Isotopic abundance (%)

No need to enrich the isotope! However, total isotope mass (today)
less than that of KZ

43



SNO+

E 103 = § % Sum
O — . Z
% : SNO+ Preliminary : === Sum, background
2 - -
= 10°¢ 0.3% "™ Te loading 3 —ovbp @romey
% B Negligible cosmogenics ] — pp
Q10 = '3 —®BvES
é n =
B — 214p;
2 b
Q 1 = JJ" |'| NN E 208y
E |_I H E 212 ,212p
10'1 LR R ” e ” el External
2 22 24 26 28 3 32 34

Energy (MeV)

MO g, from Phys. Rev. C, 87, 014315(2013)

Start run foreseen for 2014-2015 '



