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SNO+ Overview

  

Physics outlook:

I Double beta decay

I Solar pep neutrinos

I Geo-neutrinos

I Supernova neutrinos

I Reactor neutrinos

I Nucleon decay (water
phase)
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UK involvement
UK collaboration members (indicates
convener roles):

I Leeds: S. Bradbury, J. Rose

I Liverpool: N. McCauley (data
processing)

I Oxford: S. Biller (reconstruction,
nucleon decay, anti-neutrinos), I.
Coulter, N. Jelley, K. Majumdar, A.
Reichold, M. Schwendener

I QMUL: F. Di Lodovico, P. Jones, J.
Wilson (analysis)

I Sheffield: J. McMillan

I Sussex: E. Falk, J. Hartnell (data
processing), G. Lefeuvre, M. Mottram,
S. Peeters (calibration), J. Sinclair, R.
White
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What to calibrate?

Calibration requirements determined by physics goals (and there are
lots of physics goals!):

I Good understanding of: energy response (and uniformity) over
0.1–10 MeV, thresholds (0.1–0.2 MeV), energy resolution, energy
distribution tails, position reconstruction, particle identification
... etc

No one device/technique can tackle all of these:

I Deployable light source (laserball)

I Deployable radioactive sources

I Deployable sealed radon source ball

I Permanent optical calibration system (ELLIE)

The UK is responsible for a number of essential calibration sources.
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Kamland Rn activity & calibrations

2009 JINST 4 P04017
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Figure 14. One year of KamLAND data in which 214Bi-214Po coincidences inside a 5.5 m fiducial volume
are used to extract the 222Rn activity: The red (dashed) lines indicate the start of calibration periods in which
we took data along the central z-axis of the detector. The blue (dash-dot) lines indicate the beginning of
off-axis calibrations. Offsets in the decay curves from the calibration start time are due to long calibrations
lasting up to a week.

2.4 In-situ radioactivity measurements

The KamLAND detector itself is a very sensitive low-background detector. In order to characterize
the intrinsic radioactivity of the off-axis system, we collected data from special deployments, which
consisted of only the far cable deployed along the central axis of the detector. We also looked for
heightened levels of radioactivity following off-axis deployments. We found no evidence for an
increase in the bulk rate of events due to intrinsic background radiation. Targeted searches for
contamination from 40K and 208Tl also gave null results.

A more sensitive analysis using the short time correlation between 214Bi and 214Po decays
indicated increased levels of 222Rn following both on and off-axis deployments. Figure 14 shows
the time dependence of the 222Rn rate. This heightened level of 222Rn, and the subsequent de-
cay from its daughters, is a negligible addition to the background for reactor anti-neutrino detec-
tion. However the long-lived daughter of 222Rn, 210Pb, is problematic for the high-purity phase of
KamLAND, which aims to detect the mono-energetic solar neutrinos from 7Be decay via elastic
scattering off of electrons.

Analysis of the cable-only deployment also revealed that small quantities of the 222Rn daugh-
ters appeared to have collected on the deployment cables while being stored inside the glovebox.
The daughters are thought to be introduced (via 222Rn) when the glovebox is opened to transfer
materials and from 222Rn outgassing of materials in contact with the interior of the box. Once
deployed into the detector, the equilibrium with 222Rn is broken, and the daughters decay with
the half-life of 214Pb down to the metastable state of 210Pb. Owing to the short half-life of 214Pb,
this background contribution was not detected in the data following off-axis deployments, and thus
represented an additional contribution to the 210Pb activity.

Additional studies of 222Rn contamination following on-axis deployments revealed that the

– 15 –

222Rn activity vs time in Kamland (JINST 4 P04017, 2009). Red/blue lines: start
of calibration period.
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Laserball (Sussex)

Laser light injected via fibre into
quartz diffusing flask:

I Creates quasi-isotropic light

I Used for full optical calibration
of the detector (PMT relative
angular response, optical
attenuation for different detector
media)

I Workhorse for SNO

I Improved laserball for SNO+

I Can be used as supernova
calibration source

Problem: SNO+ purity requirements
more stringent that SNO - need to
minimise deployment of laserball (and
other sources) ...

Modified laserball

Equator dia (mm):    109.2 +/- 0.1

Diagnal dia (mm):    109.0 +/- 0.4

Neck internal dia (mm): 12.5

Shadow ~ 7.3 degrees

J. Sinclair & G. Lefeuvre
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... ELLIE (Embedded LED/laser Light Injection
Entity) (Sussex, Leeds, Oxford, QMUL (+ LIP Lisbon/Coimbra))

Timing ELLIE:

I 91 injection points

I Monochromatic (435 nm) from LEDs

I Light coverage of entire in-facing
detector

Scattering Module for ELLIE:

I 12 injection points (three at each of
four locations)

I Multiple wavelengths from lasers

Attenuation Monitoring for ELLIE:

I Eight injection points (two at each of
four locations)

I Two wavelengths (385 nm & 500 nm)

Will provide continuous calibrations
throughout SNO+ operation
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ELLIE electronics (drivers &
LEDs/lasers) will housed on the
deck above the experiment
(along with DAQ electronics).
Light will pass through optical
fibres, with emission points
located on the PMT support
structure.
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ELLIE: LED selection

Timing calibration, for best measurement:

I minimise photon loss

  

435 nm

Absorption of photons in
LAB+PPO+Nd.

  

435 nm

Simulation of fraction of transmitted photons as a
function of LED wavelength (mean and sigma),
includes PMT response & effect of all media in
detector.
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ELLIE: timing and coverage

Timing calibration, for best measurement:

I minimise photon loss

I fast rise/fall time profile

I ensure all PMTs calibrated
(with redundancy)

0 deg 
peak = 61.3 ± 0.2 ns
FWHM = 3.70 ± 0.08 ns 

14.7 deg
peak = 62.1 ± 0.3 ns
FWHM = 6.25 ± 0.08 ns

difference
0.9 ± 0.4 ns in peak
2.55 ± 0.11 ns in FWHM

Measurement with low dark noise PMT + collimator to come soon

Shown at Dresden Meeting, 12/2011

Consequence on Timing?

J. Sinclair & G. Lefeuvre

After 45 m of 1 mm optical fibre, 2 ns
risetime, 5.6 ns falltime.

LED driver

J. Sinclair & G. Lefeuvre

TELLIE LED driver developed
for very fast light pulses (Leeds,
Sussex)
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All PMTs will see photons from at
least two TELLIE fibres (two (blue)
up to five (red))
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ELLIE: hardware development
Laser and collimator hardware for scattering module and
attenuation monitoring developed at Oxford.

I Collimator to narrow
opening of light beam

I Four laser heads, 375, 405,
440, 500 nm

  

Glass ferrule
Glass tube

Fibre

Strain relief tube

  

Quartz rod Fibre

Collimator
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ELLIE Installation

J. Maneira (LIP-Lisboa)                                                                             SNO+collaboration meeting, SNOLAB                                                  March 2012 25

results in well-aligned dry-ends

J. Maneira (LIP-Lisboa)                                                                             SNO+collaboration meeting, SNOLAB                                                  March 2012 27

Bundles 1, 2: from cavity floor

follow a
great circle

Weeks of March 12 and March 19

Installation: empty cavity (completed)

J. Maneira (LIP-Lisboa)                                                                             SNO+collaboration meeting, SNOLAB                                                  March 2012 28

Bundles 3 - 8: from boat

during water fill

Installation: water-fill (from a boat)
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Calibration point-like sources

Energy (MeV)
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γcal: βcal: 

A number of challenges to overcome in calibration with in-situ
sources:

I 222Rn leaking into detector
I minimise number of deployments of calibration sources
I maintain low radon cover gas system

I Sources contaminating experiment / encased too well
I develop secure containers that still allow radiation to escape and

scintillate
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Source deploymentCalibration Source Deployment Hardware 

Deck Clean Room 

Side Rope Motor Boxes 

Umbilical Retrieval Mechanism 

Calibration Guide Tubes 

Anchor Block 

Source Umbilical 

Side ropes 

Universal Interface 

Glove Box 

Phototube sphere 

Acrylic Vessel 

Rubbing Ring 

Source Tube 

Gate Valve 

Carriage 
& Weight 

Central rope 

Everything outlined in yellow 
needs to be changed. 28 
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Calibration requirements
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Calibration & SNO+ data taking

Phased approach to commissioning and operating SNO+ →
phased approach to calibration:
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I Dry running (aka air fill):
I Single fibre and LED for

testing
I First dry run complete, ran for

∼10 days, saw ELLIE signals!

I Water fill:
I ELLIE commissioning
I laserball
I 16N source
I Cherenkov source

I Scintillator fill:
I ELLIE & laserball operational
I All sources deployable
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Conclusion

I Much experience (and some technology) inherited from SNO

I A variety of systems will ensure redundancy in the calibration of
SNO+

I In-situ point-like source developement is underway (and near
completion for a number of sources)

I Optical calibration is also progressing well:

I ELLIE calibration fibres installed in March, electronics production
underway

I Triggered on light from the ELLIE system during dry-running in
Feb/March

I UK is leading the SNO+ calibration effort and is directly
responsible of delivering a number of major calibration sources
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Backup slides
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Example source: 48Sc TU Dresden (not UK)

Decay scheme of 48Sc, γ energy:

I ∼90% 3.33 MeV

I ∼10% 3.51 MeV

Simulations and initial designs
for two sources (48Sc and 60Co)
completed.

  

Source design

Titanium slug

2 independent
containers

Quick connector

O'rings

Acrylic
PTFE

48Sc source casing prototypeShadowing: Geometries

 nHits/1
700 800 900 1000 1100 1200 1300 1400 1500

 p
(n

H
its

) /
 1

 n
H

it

0

0.002

0.004

0.006

0.008

0.01

0.012

nHits spectra

, free (point) @ 1296.7γsingle 3.3 MeV 

), free (point) @ 1249.6βSc (3.3 MeV, no 48 

), shadow(fill) @ 1243.9βSc (3.3 MeV, no 48 

), slug(fill) @ 1243.8βSc (3.3 MeV, no 48 

LAB, OPTICS.ratdb rev. 635

V. Lozza, A. Boeltzig 48Sc Calibration Source Source Design 24/31
Preliminary simulation example:
number PMT hits from 48Sc source


