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| - The SNO+ experiment: Il - SNO+ Status:

* collaboration * ropes tensioning, water level
* detector * PMTs and DAQ systems

* physics goals and phases * water/scintillation systems &

. _ _ isotope purification
* scintillator & isotope selection

* calibration systems

IV - Conclusion & outlook
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Detector




Physics goals & phases

* search for Majorana neutrinos

* solar neutrinos (pep,CNO, low energy 8B)EI

N
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* supernovae neutrinos (SNEWS) |:|

* exotics (e.g. nucleon decay )




Scintillator mixture & isotope selection

LAB choice motivated by:

* its long time stabillity

* Its compatibility with acrylic

* can be produced with high radio purity

* good optical properties (high attenuation length)
* its linear response in energy

* high flash point and low toxicity

0.3% 0.5% 1% 3% 5%



Rope tensioning & water level
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Water system:
* reconditioned to supply water inside the AV
* initial leach/wash of the AV
% achievable purity comparable to that of SNO

* also for scintillator mixing and purification
* complete and in operation

Scintillator system:

* provide multistage LAB/PPQ distillation

* high temperature vacuum distillation

* water extraction (remove 4°K, Ra, 2'°Pb)
* Na/steam stripping (remove Rn, Oz, Kr, Ar)
* major piping/vessel installation done

* working on leak checking

* then cleaning and passivation

Isotope purification:

* double-pass (with ethanol rinsing) purification on surface (purification factor 104)
* purification underground (no ethanol) additional factor 100

* investigating the possibility to move the surface purification system underground



Purposes:
* measure the PMTs response
X measure in-situ the optical properties of the media

Systems:

* fixed fiber-based system using LEDs/laser light injection
placed on the PMTs array

* deployed light (laser with dyes) source (laserball)
* deployed cherenkov light source

Calibration:

* validation of light transport models in different media .
Fibers system:

* PMT angular response, timing and gain calibration % LEDs or laser pulses

* attenuation length, scattering properties of the media * different wavelengths

* monitoring transparency of the media

* different fibres angles
* PMTs efficiency

* 106 different location points

Deployment system: New laserball under construction

* deploy several types of sources from the top of the AV O E T o omp— -

* off-axis (in two planes) source location achievable
: Cherenkov source prototype ready
* radon-tight and fully sealed system



Purposes:

* measure efficiency and systematic uncertainties
of event reconstruction (energy, position, particle id)

Systems:
* several (3,y) radioactive sources under study

* will be deployed in the detector from top of AV Under

construction
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* sealed interface with glove box, view
ports, gate valves..



Neutrino mass current limit
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°B solar neutrinos (irreducible):

2vf3f (irreducible): * “flat” continuous background from elastically-
* use asymetric ROl around the Ov[3[3 signal scattered electrons
* energy resolution limited * normalized using published flux data and solar

mixing parameters

Background budget
1 year of data

External y:
X AV, ropes, water shielding, PMTs
* use a fiducial volume (FV) cut

% PMT hit time distribution cut (a,n) backgrounds:

* prompt signal & delayed
gamma can leak in FV & ROI

X use coincidence-based

External ~ ST
() 0
Cosmogenic [kl he 99.6 % of the
Internal U chain Internal Th chain [ HEIRRTCRCLR R

delayed events
Internal U/Th chain:

* dominant background from *1“BiPo and *'*BiPo

Cosmogenics:

decays o :

* coincidence-based cuts developed * purification techniques

* 100% rejection for events in separate trigger * long term underground storage

windows * less than one event per year in FV and ROI

* factor of rejection 50 (events in same trigger
window) based on PMT hit timing
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SNO+ sensitivity at 0.3% "*'Te loading:
* fiducial volume cut R < 3.5 m (20%)
x> 99.99% rejection for 2'*BiPo assumed
* > 98% rejection for 2'°BiPo assumed
% 200 Nhits/MeV light yield
* phase space factor G = 3.69 x 1074 yr
* ga = 1.269
* Movgg = 4.03 (IBM-2)
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Tsp (MeV)
% TOVBByp = 3.9 x 102 yr

Summary plot of all background and a

* mpgg ~105 meV 5 years data: hypothetical OvBB signal corresponding to
* TOVBBy» = 9.4 x 1026 yr @ mass mB = 200 meV for 5 years of
data-taking.
* mpg ~ 68 meV :

Higher loading sensitivity:
* R&D efforts show that at 3% "atTe loading a light yield of 150 Nhit/MeV can be achieved with
perylene as second wavelength shifter

* loss of light yield can be compensated by HQE PMTs/PMTs concentrator improvements
* could set a lower limit on T%BB1;2 = 7x102° yr (mass range of 19 - 46 meV)



Multi-purpose detector able to study also:

SNO+ main physics goal * solar neutrinos
is the search for Ovf3f3
for a mass range in the top
of the IH mass region

* reactor and geo-neutrinos (see S. Andringa poster)
% supernova neutrinos
* nucleon decay

* water plant finished and under operation

* scintillator plant undergoing final cleaning and passivation work
* source insertion and deployment mechanisms under construction
* DAQ / dataflow / monitoring / nearline tools in benchmarking

* detector ready to take data

2015-2016 water commissioning phase
2016 scintillator phase
2017 Te loading phase |
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What do we do if we see a bump ?

Measure non-Te

Continue
purification

A

A

A

A

( backgrounds
L before loading

l

( Increase
L Te loading

A

A

Excess above
expected
backgrounds?

Add Te and run

Set lifetime limit

Re-purify Te,
futher running

|

level?

( Excess

sists Increase
Set lifetime limit DI G )
L same Te loading

no

L Remove Te

yes Consider alter-
native isotope
or enrichment




Decay rate

<mgg>= ZmMi X Uei?

O = In(2) . (T*12)" = In(2). G**¥(Qgp,Z) . | MOFF | 2. < mgg >2/ m,? SHEE0YE

scaling with isotope quantity
(e.g. internal U/Th)

f(de) - t

V- M+c) 0E -t

independant of isotope quantity
(e.g. solar 8B)

Majorana mass

N total number of isotope nuclei

Ne number of standard deviation

f(d€) energy window acceptance fraction
M isotope mass in kg

OE energy window in keV

b background counts in (keV.kg.yr)

¢ background count in (keV.yr)™



* B - a coincidence tagging for events

8- 057 lgégg in different trigger windows
)

* PMTs hit time analysis for events in
same trigger window

% a - B coincidence tagging for events
in different trigger windows

* PMTs hit time analysis for events in
same trigger window

2.6 MeV ys from external %%

* can be suppressed with FV cut

* from AV can be removed via PMT hit
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Solar neutrinos:
X with scintillator purity at Borexino level, sensitivity to
CNO, pep and low-energy 8B with unloaded scintillator
* If can source scintillator with reduced (one order
magnitude) “C level can also measure pp
* 8B with energy above the 3°Te end-point can be |
measured in the scintillator loaded phases l
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Anti-neutrinos from reactors and the Earth (see poster by S. Andringa)

Supernova neutrinos:

* measurements of Core Collapse supernovae neutrinos can shed
light on explosion mechanism

* member of the Supernova Early Watching System (SNEWS)

Exotics physics:
* search for invisible nucleon decay mode signature in the water phase
* axion-like particle search in all SNO+ phases



