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The SNO+ Experiment
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* One experiment, lots of physics
« Water Phase (2017-18)

* Nucleon decay (published!)

« 8B solar v (published!)

* Reactor anti-v

» Detector calibration

« Background measurement

« Scintillator Phase (2019)
 Low energy solar v
« Geo and reactor anti-v
« Background measurement

« Te+scintillator Phase (2020 - )
« Ovpp search with 130Te
 t,,, measurement of 2v3f3
« (Geo and reactor anti-v

Double beta decay Neutrinoless
which emits anti-neutrinos double beta decay

« Supernova v in all phases!
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« SM process (t,,,~ 10?1 yr) « Non-SM process (t,,,> 102° yr)

 Observed from several isotopes + Only possible if vis Majorana fermion
* Energetically favored over 8 decay



Counts

Isotope 1 isotopic abundance (%) Qpp [MeV]

“8Ca 0.187 4.263

Ge 7.8 2.039

82Ge 9.2 2.998

9%7r 2.8 3.348

2vBp 199Mo 9.6 3.035

116Cd 7.6 2.813

130Te 34.08 2.527

OvBp 136X e 8.9 2.459

| 150Nd 5.6 3.371

Total electron energy s

* Monoenergetic peak at Qg * Two important parameters: n and Qg

* Need good energy resolution  + High Qg,: avoid natural radioactivity

 Need low background level * High n: OvBpB decay is extremely rare



The SNO+ Experiment

Detector Overview

7 kt UPW

Located in SNOLAB, ON, Canada
~ 2 km undergroud (~ 6 km.w.e)
Low cosmic y-rate (~ 3/ hr)
Class-2000 clean room
Reuses SNO detector with some “+’s”
* Upgraded DAQ and electronics
* New hold-down ropes
« New calibration system

* New scintillator plant
* New Te purification & synthesis plant



Liquid Scintillator
Let there be light!

Linear Alkylbenzene
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LAB (solvent) PPO (fluor, 2 g/L)

a, B

* High light yield: ~ 10000 photons/MeV ~ 550 PMT hits/MeV
« Great transparency: attenuation length ~ 20 m
« Compatibility with acrylic

* a/B pulse shape discrimination

 Low toxicity

» Affordability




Scintillator Phase
In Action!




Ov3B Decay at SNO+

SNO+ Phase I: 0.5% natural Te (1.33 t 130Te)

The Cocktail:
« LAB + PPO (2 g/L) + bis-MSB (15 mg/L) + Te-ButaneDiol + DDA

H, 0 ([ “TeDiol”
q O - (0]
,Te\ H,0 "Te.
HO” | YO o’| ‘o
“Telluric Acid” “Butanediol” OH \)\/O

« ~4 tons of TeA has been “cooling” underground since 2015.
« TeA purification and TeDiol synthesis plants commissioning now.
« Good optical transparency and light yleld ~ 460 PMT hlts/MeV

Key Advantages of SNO+
High statistics
« Scalability
* No need for enrichment
« Low backgrounds
* Fiducialization
* Purification




Backgrounds
And Where to Find Them

Internal

* 2vBp

« Solar®B v

« 238 and 232Th-chain

* (a,n) reaction on 3C or 180
« Cosmogenics

External

« PMT’s

* Acrylic vessel
 Hold-down & hold-up ropes
« Water shielding

External |

10



Backgrounds
And How to Reduce Them

ROI: 2.42 - 2.56 MeV [-0.50 - 1.50]

Counts/Year: 9.47

Cosmogenic 8B v ES

Counts/5y/20keV bin

External y

Internal U chain

%.2 23

Internal Th chain

8B-
+ Source term measured. Directionality in scintillator?

I Ovpp (100 meV)
[ 2vpp
I (o, n)
I U chain
I Th chain
[ External
I °B vES
[ Cosmogenic

24 25 2.6 2.7 2.8 29
Reconstructed Energy (MeV)

Internals:
* Measurement before Te loading. PSD of BiPo.

Externals: ¢
* Measured in water phase. Fiducialization. J
2v3B:

* Improve light yield for better energy resolution.
Cosmogenic:

5 years of Phase |
Fiducial radius: 3.3 m

OvBB decay half-life sensitiyity:
T(1)72 > 2.1 x 106 yr (90% C.L.)

* Purification, underground “cooling.”
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The “Lobster” Plot

Probing the mass hierarchy

130Te (Cuoricino + CUORE-0)
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76Ge (IGEX + HdAM + GERDA-I)

136Xe (KamLAND-Zen + EX0-200)
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Adapted from Dell’Oro S, Marcocci S, Viel M, Vissani F. Adv. High Energy Phys. 2016:2162659 (2016)
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SNO+ has finished water phase and
published the physics results.

SNO+ is currently filling with
scintillator and will start Te loading
next year to search for OvB3 decay.

SNO+ Phase | will perform a
competitive measurement of Ovf3f3
decay with 3%Te.

SNO+ Phase Il is currently under
active R&D for higher sensitivity

« Higher Te loading (4% ~ 10.6 t 139Te)
« Upgrade PMT array, concentrators
« Using a balloon vessel
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Backup Slides
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Light Yield Relative to Unloaded

Future Prospect
SNO+ Phase |l
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For the OvBB experiments, the observable is 2. With Fermi’s
golden rule:

271 = Goy IM? | f(ms, Ue) |

m
f(mivUei) = AP
Me

Mgy IS known as the

mpp =

Z e’ Ugi| m

7::17273 j\-{\’\f\r\\e
— »
p




Mass Hierarchy
The ordering matters

« The oscillation experiments can only measure Am-.

Am2L
P = sin?(26) sin?
o Batf = S0 ( )Sm( 17 )

* Up to now, we have only
determined the sign of 6m?,,.
Thus, we don’t know the ranking °
of m, relative tom, ,

Normal Hierarchy
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Figure from Dell’'Oro S, Marcocci S, Viel M, Vissani F. Adv. High Energy Phys. 2016:2162659 (2016)



