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SNO+ Physics Goals

= Neutrinoless Double Beta Decay of 3°Te
= Low Energy Solar Neutrinos

= Reactor Antineutrinos o Y

= Geo-Neutrinos

= Supernova-v

= Three phases:
= Water phase
= Liquid scintillator phase
= Te-loaded liquid scintillator
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SNOLAB Facility

= Depth =2070 m (6000 m.w.e.)
= 60 muons /day in SNO+

= 10,000 sq ft Class-2000
clean room
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SNO+ Detector

780t of liquid scintillator
(LAB+PPO)

PSUP = PMT Support Structur
~9500 PMT, 54% Coverage

Low cost
High flash point: 130°C
Low toxicity

Acrylic Vessel (AV)
®=12m, thickness=5cm

Light water (H20) shielding
- 1700t internal —
- 5300t external

Light attenuation length>
20 m at 420 nm

High light yield (~10,000
photons/MeV)
Urylon Liner/Radon Seal
Smallest scattering of all
scintillating solvents

Norite Rock investigated



3°Te Double Beta Decay

= Are neutrinos their own anti-particles?
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3°Te Double Beta Decay

= Selection of the best isotope for SNO+

High natural
abundance (34%)

T,,>"°P= 7x10?° years
one of the longest 2vBf

High Qg = 2526.97keVyg
High light yield

Successfully loaded
in the liquid scintillator

Bet

A

High Q value reduces backgrounds and increases

the phase space & decay rate.

Large abundance makes the experiment cheaper.
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Scintillator Purification Plant

vV transfer
@ facility

i Surface

transfer
facility




Scintillator Purification Plant

= Multi-stage distillation = Metal scavenging

» Dual-stream PPO * Removes Bi, Pb
distillation

* Removes heavy metals " Microfiltration
- Improves UV = Removes dust

transparency
= N, /steam stripping = Target Levels
= Removes Rn, Kr, Ar, O, * ®5Kr: 105 g/g

= 4°K: 108 g/g

. = 39Ar: -24
= Water extraction _ U':oigg/ ggl@l

= Removes Ra, K, BI - Th:108g/g



Telluric Acid Production

= Te extracted from mine HOn. (?[.%.i@)H

. . -
(depth ~ 300 m) in April 2014 HO” | ~OH

= Visit to the production site prior to start of processing

= QA/QC tests on samples from each barrel before
approval to sent to SNOLAB '

1.8 tonnes of Te(OH),, corresponding
to ~1 tonne Te, or ~0.13% Te loading

= Shipped to SNOLAB (January 7t" 2015)

= Transported underground on January 19" 2015

= Testing one sample from one of the barrels to cross-
check previous results
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Telluric Acid Purification

= The purification technique relies on
solubility of TeA in water based on pH

* Te(OH); <> Te(OH), 0" + H* 5
in-soluble soluble

* I[nsoluble contamination
* Dissolve in water, and filter

= Soluble contamination

= Force TeA to recrystallize by adding Nitric Acid, let
it precipitate out, and drain the “dirty” liquid

= The process can be made tellurium selective
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Telluric Acid Purification

= 0.5% Tellurium Target levels:
" 1.3x107*5 g/g in *3°U (3x10° Bq/kg) R

565
102
43568
2629
25194
6906
37343
18047
11850
390620
823
102RL 276189
102mphL 133848

= Te contamination in U/Th )

1107 & 939
1245, 3101138

cosmogenically activated

5Sb 358996

= 5x10*%g/g in 232Th (1.2x109 Bq/kQg)
* (raw Te ~10** g/g U/Th, 104 Bq/kg)

N P Ay
oooTU e

.
g,
16G.

-")OC‘U
58Co
G“C‘()
838G
““")R
84
88y
90y

 62Co, :*mAg, *26Sn, 8Zr, 88Y,*24Sb e
* Rejection needed 10%-10°% * successfully

Final design
~200 kg TeA/batch
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ovBp LS Requirements

= Reach high tellurium concentration
= 0.5% *3°Te in 780 tonnes of scintillator

= Preserve good optics of the cocktail
= Transparency, Scattering, LightYield

= Maintain high purity of the scintillator
= U/Th reduction factor
= Cosmogenic activation



The Te-Diol Complex

= Tellurium loading in Linear Alkyl Benzene

= Through direct mixing in of an organometallic
complex of Tellurium

= Butane-Diol based Te complex (“*TeBD"):

Cﬂ)H OH /\<\"\ 2
H@h. s‘\@H "\ /"\
TE. < ~o—3
" OH 7
HO (Cﬂ)IHTOH Diolization \)\/ TeBD+LAB //l
(boiling) (mixing) L

Telluric Acid Butanediol in SNO+
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The Te-Diol Complex

= Tellurium loading in Linear Alkyl Benzene

= Through direct mixing in of an organometallic
complex of Tellurium

= Butane-Diol purified through distillation
= Butane-Diol based Te complex (“*TeBD"):

OH on o
H@h.T@,.m@H 'g - — j‘
T~ H
HO (Cﬂ)l}%] OH  piolization \)\/O TeBD+LAB
(boiling) (mixing) A

Telluric Acid Butanediol in SNO+
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Irreducible Backgrounds

Internal Radioactivity
Traces of radioisotopes
(U/Th chain, 4°K, etc)
in the scintillator

" Neutrons and

¢ radionuclides from
spallation and
hadronic showers

from decays
in the acrylic, water,
PMTs, etc.

. Cosmic Ray Muons

Fast Neutron
from external muons
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Backgrounds Budget

(a, n) 8BV ES
Alpha-capture on 3C/*¥0 8B solar neutrinos:
Neutrons produced 2VBB i | Flat spectrum
Capture of thermal neutrons D Constrained by SNO/SK data

Limited by resolution

\‘\‘ 8B V Es

Delayed coincidence tag (o, n)

External y }
External y "

From AV, ropes, water, PMTs
Fiducial volume (20%) cut
50% extra rejection multi-site cuts

Cosmogenics
Mitigation: purification
+ “cool-down” UG

< 1ev/yrin Rol-FV
Further reduction if

Internal U chain\\ . needed: multi-site events

Internal Th chain Cosmogenic

Internal U/Th
214BiPo, 212BiPo
B-a delayed coincidence tagging
100% rejection in Rol
In-window trigger: x50 rejection 17



ovBP Sensitivity with Te-Diol

= 1.3 tonnes of 3°Te in LAB (at o. 5% s Te)

* [-0.5; +1.5] 0 around Qg
= 4,00 NHits/MeV (~4% AE )
* Fiducial Volume: 20% total

B Ovpp (200 meV
= 2vpp
B U Chain

Tl]’fz () sensitivity

E= Th Chain
== (0. n)
&= External

B BVES

= Cosmogenic

1yr 8Xx10%>

5yrs 1.96x102°
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ovB Sensitivity in Phase |l

= Improve sensitivity by improving

= Light yield and
going to higher loading
= Improve current technique

= Higher QE PMTs

= Improved concentrators
= Coverage to 80%

= Goal: 3% nat. Te loading

= ~ 8 tonnes 3°Te
= Higher QE PMTS
= T,,onbb ~10%7yr

300

Number of PMTs Hit / MeV

600
500}

400F

100+

7111 R ——

SNO+PreI|m|nary
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ovBP Sensitivity in Phase |l

|mee| [eV]

Ge
claim
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SNO+ Schedule

= 2016

= Scintillator plant commissioning

= Scintillator fill

= Solar neutrino phase (short)
= Evaluation of backgrounds for ov3f3

= Commissioning of the Tellurium plant(s)
= 2017/2018

= Tellurium loading
= Begin ovpBp phase



SNO+ Collaboration




Backup



Discovery Flow

VIEAS11LE I'.I.I:II'.I.—TE

, un ok
before loadin

r

Contimie

punbeation —

l

Add Te and run expecte _—

Cet
lifetitne
Lirmt

Re-punfy Te,

further

N g

Set
lifetime
lirnit

Eemowe

Te

Inctease Te load

Tnctease Te load

Consider

alternate

1 I:ItI:IPEe ot

enrichinent



Calibration Sources

= Need Double encapsulation
= Limitation for 222Rn, 9°Y

= Radioactive and 48Sc
optical sources  LED
o, B, y, n, with
laser |nject|on
laserball and
Cherenkov
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Optical Calibration

/" laser/led system

Light emitted from the support structure
from 92 fibres installed between PMTs.
Each gives 10E3-10E5 photons/pulse.
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Remaining Backgrounds

= External (PMT) gammas from (3*4Bi, 2°%Tl)
= 3.5 m fiducial volume (20% AV)
= Can use residuals likelihood

= External (AV) gammas
= Multi-site rejection (e - y)

= Po (o, n) on 13C
*n+p->d+y (2.2 MeV)




ovf3p3 Isotope Selection

= In principle, isotopes with the best Nuclear Factor of Merit

should be favored
= A surprising inverse correlation has been observed between

phase space and the square of the nuclear matrix element
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ovf3p3 Isotope Selection

IBM-2
A QRPA-Tii
v QRPA-Jy
» QRPA—def
Gd|eISM
EDF
&+ PHFB

g
? Nﬁm
Nd#™ Pt

[J

)

! 2 IBM-2: J. Barea et al., PRC 91, 034304 (2015),

. " |QRPA-Tu: F. Simkovic et al. PRC 87, 045501 (2013),
! QRPA-Jy: Hyv arinen et al., PRC 91 024613 (2015),
: QRPA-def: J:L. Fang et al., PRC 83 034320 (2011),

i ISM: J. Menendez et al., NPA 8§18, 139 (2009),

- PHFB: PK. Rath et al., PRC 82, 064310 (2010),

. EDF: T.R. Rodriguez et al., PRL 105, 252503 (2008)
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