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Q2 TRIUMF Outline SNQ

 SNO(+) detector

* Physics goals

» Detector changes and upgrades
e Calibration

» Schedule

e SUMMary



RTRIUMF SNO+ Detector SNQ

Vale’s Creighton Mine SNO+ Detector

Acrylic Vessel
- 12 m diameter
Liquid scintillator N
- 780t LAB
Phototube sphere &

- ~ 9500 PMTs <
Water shielding

- 1700 t inner
- 5300 t outer

Urylon liner
- radon seal

Deep underground lab Already exists!



RTRIUMF Liquid Scintillator SNQ

The scintillator cocktail of choice is Linear Alkylbenzene (LAB) PPO

with 2g/L of PPO @f @

 developed by SNO+ collaborators (Queen’s) (CEPSA Quimica)

PETRESA CRANRDR

Linear Alkylbenzene
@ Qo

» chemically compatible with acrylic
* high flash point, low toxicity — SAFE !

* readily available — LAB is used in the production of
detergents

* made in Canada, plant is < 700 km from SNOLAB

» Petresa LAB has the best optical quality of all the
LABs SNO+ tested.

» Petresa willing to carry out special steps for SNO+
= purge all process lines and vessels with boil-off
N2
= flush with N, and dedicate all delivery trucks
» concentration of 2g/L PPO gives emitted light

a wavelength distribution that matches the PMT
response. 4

Petresa plant, Becancour, QC



2 TRIUMF

Scintillator Properties

SNQ

Timing properties of the LAB-PPO scintillator
were measured in a simple bench top
experiment - see NIM A640 (2011) 119.

Effect of deoxygenating the scintillator on the
timing spectra for alphas and electrons.

Number of events per bin

4'

Ratio of a short time integration window over
the peak of each event divided by a long —— ::
time integration.

These data show the deoxygenated scintillator
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exhibits slightly better alpha/electron separation,

and that it is possible to retain > 99.9% of the
electrons while rejecting > 99.9% of the alphas.




R TRIUMF Scintillator Properties SNQ

“‘Bucket” source

 container filled with LAB

» deployed in SNO water fill
 confirmed bench top results

 Birks’ constant determined

e alpha quenching factors measured
 detector response was 480 hits/MeV

AmBe
source

A separate measurement showed LAB light output
IS linear with energy [see NIM A654 (2011) 318]

The refractive index has also been measured.
[see Phys. Scripta 03 (2011) 035701].



R TRIUMF SNQ

Prototypes

Scintillator Purification

SNO+ gains from the experiences of:
* Borexino (achieved better than SNO+ goals) and
 KamLAND (developed successful purification techniques)
* SNO+ uses the same construction, purification techniques
and materials as Borexino, hence
» should achieve same background levels

The target levels are:
Th: 1017 g/g (~ 3 cpd for 28Tl and 228 Ac)
U: 1017 g/g (~ 9 cpd for 210.214Bj)
40K: 1.3 x 108 g/g (~ 23 cpd)
85Kr, 39Ar: < 100 cpd
To achieve these goals the purification steps include:
« multistage distillation (removes heavy metals, improves
UV transparency)
* N,/water vapour gas stripping using a packed gas
stripping tower (removes Rn, Kr, Ar, O,)
« water extraction (removes K, Ra, Bi)
* metal scavenging (removes Ra, Bi, Pb; also can be
used to assay 219Bi, 1°Pb - useful when looking for
CNO neutrinos)

» microfiltration




R TRIUMF Physics Program
?.ﬂ

Search for neutrinoless B3-decay “i@

Solar neutrinos:

 precise measurement of pep survival probability
« CNO neutrinos

Reactor neutrinos:
e several reactors contribute to oscillations

Geo neutrinos:
e Th, U distributions in earth’s crust

Supernova neutrinos:
 hundreds of events




RTRIUMF Neutrinoless 33-decay  sna

The search for neutrinoless (33-decay is a high priority
within the community to :
 establish whether neutrinos are Dirac or Majorana particles
 probe neutrino masses at the level of tens of meV

150Nd is an excellent candidate: e | | i |
« has the largest phase space factor ree | e | 20
- 33 x larger than °Ge e | we | ow ] ez

ToZr 69.7 | 3.35 2.8

* has the second largest Q-value — above most | _«we | ss | s | eo
backgrounds from natural radioactivity R e
- for the same effective Majorana neutrino mass, ™ | = | =2®
the OvBp rate in °°Nd is the fastest L ° '

* 1% Nd-loaded LAB has been stable over
several years —

* self-scavenge pH-controlled purification is
effective at removing Th and other radioisotopes
[see NIM A618 (2010) 124]
and optical transmission is improved




RTRIUMF Neutrinoless 33-decay  sna

| Effect of Nd Concentration on Light Output ]

How much Nd? 3™

£ 600f ¢ data

ol

Although 1% loading is stable, *"F. -

there iS tOO ||tt|e I|ght 4005—%0.1/oload|ng,400 hits / MeV
300 |

Default loading is 0.1% S

200 |

(43.6 kg of 1°°Nd) o
C

|
et 4 A
But optimization studies suggest © °Z LR ““NL%MLSMH:M&?
0.3% loading might be a better ,
compromise between light . o

output and statistics.

2
So slowly increase the Nd g
concentration — Nd signal and & o

background will increase but i,
detector backgrounds will stay e _
the same. L 1w
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RTRIUMF Neutrinoless [3[3-decay

BB-decay signal for 0.1% Nd

loaded scintillator —
* signal at the level of Klapdor
(Phys. Lett. B 586 (2004) 198.)
« ~ 2 years live time
o 214Bj can be tagged and removed 10

e constrain 298T| with 21?Bi—21°Po
delayed coincidence

-
=]
o0

-
(=]
'S

Numbgr of events
o
(#]

-
=]
(=]

T IIIIIII‘h T IIIIIII| T IIIIIII| 1T

—

an_lll'_lll| T IIIIIIH

N

Neutrino mass sensitivity for =
0.3% Nd loading. T Bl
:

e IBM-2 [Phys. Rev. C 79 (2009) 044301]
nuclear m.e. values for Nd were used !

- radioactivity backgrounds at the levels §*;

achieved by Borexino %m:_
 cosmogenic backgrounds included; & |
pile-up under study e

SNQ

Fake data

Sum of backgrounds

45 5
Energy (MeV)

111111111

'— 90% CL
B 1 sigma
B 2 sigma

Data taking time (year)
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QTRIUMF Solar pep Neutrinos SNQ
NSI lin here

Solar neutrino oscillations are governed

$0.7 S R ; e
by vacuum effects at pp energies and by & L - IMA—Opep [ LMA—I pep -
matter effects at ®B energies. b
Transition region between is fertile 0.5 |
ground: 2 [

« just to observe the shift L
» to look for nonstandard interactions. 0.3 f - Be"pep B smoé
The pep line lies nicely in this region—= S I N U A T B
10 1 10
Friedland et al. Phys. Lett. B594 (2004) 347. E, / Me\
v, survival probability
The Borexino Collaboration recently TR .
announced the first observation of E
pep neutrinos. The measured rate was B —*— +
3.1+0.6(stat)+0.3(syst) counts/(day x 100 t). »’ F
b {9 [ Tan o —
== B
SO What Can SNO+ dO? 0.15— MSW-LMA Prediction

107" 1 10
E, / MeV 12

Chiavarra at PIC2011, see also arXiv:1110.3230



2 TRIUMF

Total Muon Flux (em’s™)
=]

=
S,
)

Main background to the Borexino pep

measurement is the high rate of decay of
cosmogenically produced 1C. =

Analysis cuts reduce this rate to a
manageable level, but at a cost of half
the rate of good events.

WIPP

Soudan
Kamioka

Equivalent Vertical Depth (km.w.e.}

SNO+ has lower background and
larger size — can make a precision

measurement.

Spectra were analytically generated
for one year exposure, with 5%/~NE

resolution, 400 t fid. vol.

Other backgrounds not shown.

/

Solar pep Neutrinos

SNQ
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A reminder

— Gran Sasso is at a depth of 3000 mwe

compared with SNOLAB at 6000 mwe.

SNO+ is deep'

> 10°
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RTRIUMF Solar pep Neutrinos SNG

Simulation of the impact of SNO+ pep measurement

Energy range 0.2 - 6.5 MeV, 50% fid. vol.
Assumes tan?6,, = 0.468
AmZ,=6.02 x 10 eV?
sin 613 =0.01
Does not include latest Borexino results or large 8,5

0.20

Solar [rtlaference] (I3v) Solar+SND+ [pep] {1 yr,3v) Solar [nlaferenoe] {I3v) ISoIar+SNé)+ [pep] ( 1yr,3v)
e  Minimum Minimu m o  Minimum »  Minimum
[ 6830%CL 68.30% CL [ 6830%CL 68.30 % CL.
2.0e-4H 3 BW0ECL m— 0500% CL H = 95.00 % C.L = 05.00%CL.
B 9973%CL — 073% CL 973 %CL — WTI%CL
Solar+SND+ [pep] (2yr3v) 0.15- Solar+SNO+ [pep] (2 yr.3v) (|
||||| m = Minimum
— ﬁsw%CL. 58,30 % CL.
e 95.00% CL we 0500% CL.
1.5¢-04 - - 9973%CL -- WI%CL
pg 1 o
g Tightens bound £,
raci B
2 2 ’
. on tan<0,,
0.05+
5.0e-05F 1 .
Improves 8,, constraints
00 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08

tan” 8 tan® @y,

0.9
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R TRIUMF Solar CNO Neutrinos SNQ

A recent downward revision of solar metal abundances
has led to

 better agreement with heavy element abundances in the
Interstellar medium
 but poorer agreement with helioseismology

data Predicted neutrino fluxes
highZ lowZ

SBource  BPFEOR(GS] BPEOR[AGE) Difference

Solar model predicted CNO fluxes are
greatly affected by solar elemental

. . ’p 5.97(1 + 0.000) 6.04(1 £0.003)  1.2%
abundances. The predicted fluxes differ 7, |\ ioon 160 2000 28%
by > 309%! hep TOO1 +0.13) £.22(1 £ 0.15)  4.1%

"Be BT o B s s e e
504((1 £0.11) 4.72(1 £ 0.11)
Borexino has recently set an upper CN o eS8} 1E9(1Z, )
. . o 21501 T s) 1.34(1 -:|.|.'.:I
limit on the CNO flux. SNO+ should T 5e2(1 0197 3251 +0-1%)
do better because it is larger and L —
has a lower *C background. Ga 127975, 1205780

15



QTRIUMF Reactor Neutrinos SNQ

KamLAND observed antineutrinos S
: Sudbury
from 53 reactors at an average baseline | e o s
of 180 km and firmly established the i . o -
MSW-LMA solution to the SNP. sl ,
. B G L 340 km .
SNO+ is situated 240 km from one N b oot
6.3 GW station (as of 2012) and 340 km | - fm. uBruce” _ §=
from two ~ 3.3 GW stations. VG | pitketng |
I e e »r-ﬁarllngu £ ”}’é‘ =

Expect about 90 events/year (oscillated). | &5 S e

e o = e Lak A
L.:j I : I}' s'm'_.r‘f'f" e 4

The oscillation maximum from Bruce is
pushed to higher energies than in

| Variation around Solar Global + KamLAND @ Sudbury |
KamLAND (constant L/E). T P (AE, s 20) = 7 6+10%, 0,857

— (A, sint20) = {010, 0.800

Distance to the other reactors is such that 3

I : Wun (A, sin26) = {8.0:107, 0.857
the second oscillation maximum appears. PE w o [ (AN, SinF28) = (6.0+10%, 0.911)
It so happens that the spectral features line Esu """" il LR
up such that the peak in the spectrumis % s
quite sensitive to Am?, E 40
eie . . . m 30
Sensitivity projections show that SNO+ can :n
surpass the current KamLAND limits in i
about 3Y2 years of running. 07




R TRIUMF Geo Neutrinos SNQ

SNO+ is located in the middle of ancient, thick,
continental crust, an ideal location to help answer § 7
some of the open questions about Earth’s natural e
radioactivity: '
 how much U and Th is in the crust?

 how much is in the mantle?

* is BSE model consistent with geo neutrino data?

Evidence for geo neutrinos first seen at KamLAND:

SNO+ should see a cleaner signal because of
lower background from nuclear reactors: =
« reactor/signal ~ 0.9 (SNO+), 4.4 for KamLAND} = Sye-s s s

= U & Th Chain

Spectrum shows that geo neutrinos are quite 52_ |
distinct from the reactor neutrinos, and that \é?““
U and Th neutrinos can be separately identified. §

C“.“\‘ Reactor
2 ®
av

Nuciear Reactor Background

SNO+ expects to detect about 54 events per e
. . . . 105
year in the geo neutrino window; about 25 will -0 ol . ol i
0 1 2 3 4 sPositr:n 7 i B 9 e1°
come from reactor background. Deposiied Eneray (1eV)
17
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RUTRIUMF Supernova Neutrinos SNQ

SN1987A
« observed by Kamiokande and IMB (water Cerenkov)
 provided important information about the mechanisms of
supernova explosion

A liguid scintillator detector has a larger variety of reactions
available — should provide even more information.

SNO+ could observe:

CC: v,+p—n+e* 260 events
12C(ve,e')12N 30
12C(v,,e*)12B 10

NC:  12C(v,v)12C,.,, 60 Type Il SN at 10 kpc
v, tp—vVv,+p 270

ES: v, te—v, +p 12

SNEWS: SNO+ will be a member

18



@mwwe  Changes and Upgrades  sna

Although re-using the SNO detector for a new experiment is a
good idea, it does not come for free!

Many changes and upgrades are needed:
 the way in which the acrylic vessel is supported
must be changed
 the vessel must be cleaned and free of radioactivity
» upgrades are needed for the electronics and DAQ
* New process systems are required
o different calibration sources and hardware are needed
 the vessel must be sealed to prevent the ingress of radon
e the liquid scintillator must be developed and procured

 Nd must be purchased and purified o



RTRIUMF AV Support Ropes

In SNO the acrylic vessel filled with
heavy water had to be held up.

20



R TRIUMF AV Support Ropes SNG

In SNO the acrylic vessel filled with
heavy water had to be held up.

In SNO+ the vessel filled with LAB
has to be held down.

Up ropes were vectran, need to be replaced
as well — 30 times too much potassium.
All ropes will be fabricated from tensylon.

Hold down rope net
overlays the vessel

Drilling holes for the anchor bolts

Umbrella keeps
dust off the vessel
and phototube
N sphere during

@ construction.

21



@mume  Acrylic Vessel Sandlng SNQ

Mine air is laden with radon. -

218Pg can be electrostatically T

214 Pb

attracted to the AV walls. N, T o
Some %8P0 a-decay daughters will < 2] \ :“:,311"/%%;1

recoil and be implanted into the acrylic. ‘\ T°
Eventually get long-lived 21°Pb, - TQI

5.01d

which could be leached into thy e

The B-decay spectrum of %10Bi
IS nearly degenerate with the CNO spectrum.

Earlier studies at the end of SNO showed
several times more Po a decays from pu 5
above the water level than from below. Zé k |

The inside of the AV has been exposediEa
to mine air for several years — hence D
sand the inside.

About 20 ym will be removed.




R TRIUMF Electronics SNQ

Differences between SNO and SNO+
 much more light/MeV (400 hits vs. 9)
* lower threshold — higher event rate

= 3.5 kBytes/s in SNO vs. 120 kBytes/s in SNO+ !
* max sustained rate 300 kBytes/s vs. 2 Mbytes/s

» not enough bandwidth in SNO electronics
» too much current for SNO trigger sum

e more isotropic distribution of light /

Increase data bandwidth by putting local
Intelligence in each crate. Data are digitized
and stored on ML403 board.

New card to sum triggers from all crates.
Sums voltage rather than current—
Digitized by CAEN digitizer.

Several other boards being refurbished. 23




RTRIUMF Optical Calibration

The laserball was the workhorse for the optical
calibration of SNO and was deployed monthly. ~_

Because of the stringent radiopurity requirements
and risk of contamination, we don’t want to deploy
It as often in SNO+.

Therefore, it will be augmented by the Ellie system -
(Tellie, Smellie, Amellie) — LED driven fibres mounted
on the phototube sphere to monitor:

 PMT timing calibration and gain
e scattering and attenuation lengths

IN real time with less risk of contamination.

24



i

@muwe - Optical Calibration - ELLIE sne

Light will be emitted with varying:

e wavelength

e Opening angle
* position

e direction

Each system is tuned to monitor a
specific aspect of the detector response:

*Tellie — monitor timing (TO and time walk) and gain
calibration of the PMTs.

 Amellie — measure light attenuation in detector volume
using wide angle beams.

 Smellie — measure scattering within the detector volume

using collimated beams at several wavelengths.

25
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mwuve  Other Calibration Sources sna

60Co - 0.32 MeV B, 2.5 MeV summed ¥
» energy scale, multivertex reconstruction, pile-up

48Sc — 0.66 MeV B, 3.3 MeV summed Y, close to Nd OvBf end point
* energy scale, reconstruction, position dependence, Nd absorption

8Li (Cerenkov source)
 only Cerenkov light in detector, no scintillation
 PMT efficiency, LAB absorption/re-emission timing

AmBe —n, 4.4 MeV ¥
 Lght yield, neutron propagation, reconstruction, Nd absorption

16N — 6 MeV ¥
» energy scale, sacrifice and contamination, check detector model in water fill

radon source ball
« alpha quenching, beta response, scintillator timing response

low energy gamma source — to be determined
» energy scale, reconstruction, position dependence

camera system — six cameras spaced around the phototube sphere
e locate sources within 1 cm (5 cm in SNO), monitor AV position

Extensive materials testing program — any material that can contact the LAB
IS tested for radon emanation and leaching of radioactive or other impurities

26



@TRIUMF Calibration Source Deployment Hardware SN@

Side Rope Motor Boxes

\ Deck Clean Room

Umbilical Retrieval Mechanism ﬁ«—c‘ ﬂ
) _~ Source Tube

_~ Gate Valve

Calibration Guide Tubes _~ Glove Box

.xl/—- Universal Interface
|

Side ropes

Rubbing Ring ~__
Central rope

= (5 \Carriage
& Weight

Anchor Block

— Source Umbilical

\

\<+— Phototube sphere

Acrylic Vessel

27
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(TRIUMF - Calibration Source Deployment Hardware SN@

Side Rope Motor Boxes
\ /Deck Clean Room

9]

Umbilical Retrieval Mechanism ﬁ«

/
2

_~ Source Tube

_~ Gate Valve

Calibration Guide Tubes _~ Glove Box

i / — Universal Interface

Side ropes

Rubbing Ring ~__ Central rope
e

g

— Source Umbilical

&

<—Phototube sphere

CL,'\Carriage A

& Weight Acrylic Vessel

Anchor Block

Everything outlined in yellow e ™ S

S i

needs to be changed. el 28



@mume  Universal Interface Reglon SNQ

SNO glove boxand Ul ——7— \ %’ , H

» gaskets and single O-rings to
seal against mine air

 a single cover gas system for
D,O and H,O

Radioactivity requirements for SNO+
are much more stringent.

Mine air must not get in.

Leak rate goal is < 2 x 10°® mbar.L/s
 seals are double O-ring or ConFlat
e Ul is double O-ringed sealed to AV
» calibration sources will be kept either
In deployment mechanism or storage
box and will not be exposed to mine air
e Separate cover gas systems




@muve - Approximate Timeline SNQ

Jan. 2012 — air fill — commission new electronics and DAQ
May 2012 — Aug 2012 - water fill
Aug 2012 — Feb 2013 - water fill data

e commission new hardware

e check PMT mapping — some PMTs have been repaired/moved
* re-establish optical model of the detector

 get background estimates and channel efficiencies

» develop energy/position reconstruction

e tune data cleaning cuts

e some physics — nucleon decay

Feb 2013 — May 2013 — scintillator fill
May 2013 - ? — run pure scintillator (a few months)

» understand detector’s scintillator response
* repeat most water fill activities
* more physics - low energy solar data

When happy, start Nd introduction and Ov33-decay experiment

30



S TRIUMF Summary SNQ

The original proposal was to re-use the SNO detector,
filled with liquid scintillator, to make a measurement of
pep neutrinos.

It was quickly realized that measurements of CNO,
reactor, and geo neutrinos would come along for free.

Hundreds of events will be observed in the event of a
supernova in the Galaxy.

And as well as all that, a double beta-decay experiment
will be carried out.

A nice reincarnation of the detector that was originally
used to unambiguously establish flavour change of
electron neutrinos from the sun!

31
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