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The SNO+ experiment:-

■ Deep underground neutrino detector at SNOLAB… goal: search for 
0vbb… high sensitivity.
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■ K40 is a crucial background to deal with in a neutrino detector 
(high half life, spectral overlap)

■ Approaches usually involve guesses/ elimination tactics 

■ We exploit the structure of SNO+ to pinpoint the K40 signal.

SNO+ Neutrino Detector



Ropes of the SNO+ detector:-

■ Ropes contain more K40 than the 
surrounding material 1

■ Detector has a large Vessel—held in 
place by Hold down ropes

Learning the Ropes

Abstract This report outlines a new
method that takes advantage of positional
symmetries to isolate and measure the back-
ground radiation rate specifically from the
ropes in the SNO+ detector, a significant
source of external backgrounds in the exper-
iment. This report demonstrates the appli-
cation of the method to current water data
as well as motivation for implementing this
analysis in future phases of the experiment.
Comparison was made of current water data
with the currently expected backgrounds gen-
erated in Monte-Carlo simulation.

1 Introduction

SNO+ Detector The primary physics
goal of the SNO+ detector is to search for
neutrino-less double beta (0⌫��) decay [1].
Finding this will inform us if the neutrino is
a Dirac or Majorana particle and greatly in-
crease our understanding of the nature of its
mass.
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Figure 1: Drawings of the SNO+ detector
(a)View of the components of the SNO+ De-
tector relevant in this report (b)Closer look at
the AV, Hold-down (black) and Hold-up (yel-
low) ropes [5]

Figure 1 shows the SNO+ detector com-
ponents referenced in this report. Around
the centre sits a spherical acrylic vessel (AV)
shell of radius 6m and thickness 5cm. The AV
is filled with purified water (Internal Water)

and is surrounded by another layer of puri-
fied water (External Water) which serves as
a shield for the Internal Water from external
background radiation. External background
radiation is defined as any interactions in the
water produced in regions outside of the In-
ternal Water. To ensure stability of the AV,
Hold-up (Hu) ropes support the system at-
tached to the deck above the detector. In the
next phase of the experiment the AV will be
filled with liquid scintillator [1] [2], which be-
ing less dense than water, will cause the AV
to rise in the detector once filled. To com-
bat this, a net of Hold-down (Hd) ropes was
added to the detector, anchoring the AV from
the bottom.

Reconstructed Position and En-

ergy Approximately 9500 photomultiplier
tubes (PMT’s) surround the AV, and are used
to measure the light produced by Cherenkov
processes in the water. When a su�ciently
high energy charged particle, such as an elec-
tron, enters the detector, Cherenkov light
may be emitted and picked up by a portion
of the PMT’s in the detector. An interaction
in the detector is defined as an event when
a predetermined threshold of total charge is
collected in the PMT’s. Using the known po-
sitions of each PMT and the times at which
they each measured a pulse of light, the re-
constructed position of where the event oc-
curred and the direction of the incoming en-
ergetic particle can be calculated. The re-
constructed energy of an event can also be
calculated [3] [4] by using the PMT times
in conjunction with the reconstructed posi-
tion, direction and the number of PMT’s that
picked up light in a given event (this number
of PMT’s is named as Nhit).
Measuring the reconstructed position and

energy accurately is necessary for identify-
ing and analysing independent physics pro-
cesses occurring in the detector. Utilising the
method outlined in this report, the Hd ropes
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Schematic

1 A. Bialek, et al., 2008, https://doi.org/10.1016/j.nima.2016.04.114 
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■ We can use this fact to pinpoint the K40 
signal.



Data collected by the detector

# of hit PMTs 3



Data collected by the detector

# of hit PMTs

1.46 MeV 𝛾 from K40 
overlaps with other 

spectra
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The ropes have a periodic structure...

View from topCross-section

■ 20 ropes total 

■ Distributed uniformly

■ Spaced by 18 °
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HDR Free
HDR Dominant 

r > 5200 mm
3° Az. per section

Optimal cuts:-
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Hold Down ropes
(in the cross section)



HDR Free
HDR Dominant 

r > 5200 mm
3° Az. per section

Optimal cuts:-
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Hold Down ropes
(in the cross section)



HDR Free
HDR Dominant 

r > 5200 mm
3° Az. per section

Optimal cuts:-
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Hold Down ropes
(in the cross section)



Ang. Width = 3

HDR Free
HDR Dominant 

# of hit PMTs
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Ang. Width = 3

HDR Free
HDR Dominant 

K40 Gammas
(from ropes)

# of hit PMTs
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Ropes active region (370 – 450 nhits)
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Ropes active region (370 – 450 nhits)
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Ang. Width = 3

First, we want to
quantify this…

# of hit PMTs
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Processing to Compute 
BL rem. Integral

Modified derivation yields 
measure of HDR exclusive K40 gammas

Events = 2312 ± 147

With ~ 27 Days of August data
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Data MC

BL removed Integral = 2312 BL removed Integral = 13405

i.e. data/MC ~ 0.17
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Ang. Width = 3

We know exactly where
these gammas are…

We can use this…

# of hit PMTs
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Application to Acrylic Vessel: -

■ We can use this signal to characterize the K40 
from the AV

Learning the Ropes

Abstract This report outlines a new
method that takes advantage of positional
symmetries to isolate and measure the back-
ground radiation rate specifically from the
ropes in the SNO+ detector, a significant
source of external backgrounds in the exper-
iment. This report demonstrates the appli-
cation of the method to current water data
as well as motivation for implementing this
analysis in future phases of the experiment.
Comparison was made of current water data
with the currently expected backgrounds gen-
erated in Monte-Carlo simulation.

1 Introduction

SNO+ Detector The primary physics
goal of the SNO+ detector is to search for
neutrino-less double beta (0⌫��) decay [1].
Finding this will inform us if the neutrino is
a Dirac or Majorana particle and greatly in-
crease our understanding of the nature of its
mass.
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Figure 1: Drawings of the SNO+ detector
(a)View of the components of the SNO+ De-
tector relevant in this report (b)Closer look at
the AV, Hold-down (black) and Hold-up (yel-
low) ropes [5]

Figure 1 shows the SNO+ detector com-
ponents referenced in this report. Around
the centre sits a spherical acrylic vessel (AV)
shell of radius 6m and thickness 5cm. The AV
is filled with purified water (Internal Water)

and is surrounded by another layer of puri-
fied water (External Water) which serves as
a shield for the Internal Water from external
background radiation. External background
radiation is defined as any interactions in the
water produced in regions outside of the In-
ternal Water. To ensure stability of the AV,
Hold-up (Hu) ropes support the system at-
tached to the deck above the detector. In the
next phase of the experiment the AV will be
filled with liquid scintillator [1] [2], which be-
ing less dense than water, will cause the AV
to rise in the detector once filled. To com-
bat this, a net of Hold-down (Hd) ropes was
added to the detector, anchoring the AV from
the bottom.

Reconstructed Position and En-

ergy Approximately 9500 photomultiplier
tubes (PMT’s) surround the AV, and are used
to measure the light produced by Cherenkov
processes in the water. When a su�ciently
high energy charged particle, such as an elec-
tron, enters the detector, Cherenkov light
may be emitted and picked up by a portion
of the PMT’s in the detector. An interaction
in the detector is defined as an event when
a predetermined threshold of total charge is
collected in the PMT’s. Using the known po-
sitions of each PMT and the times at which
they each measured a pulse of light, the re-
constructed position of where the event oc-
curred and the direction of the incoming en-
ergetic particle can be calculated. The re-
constructed energy of an event can also be
calculated [3] [4] by using the PMT times
in conjunction with the reconstructed posi-
tion, direction and the number of PMT’s that
picked up light in a given event (this number
of PMT’s is named as Nhit).
Measuring the reconstructed position and

energy accurately is necessary for identify-
ing and analysing independent physics pro-
cesses occurring in the detector. Utilising the
method outlined in this report, the Hd ropes
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AV and the ropes

■ Compare nhits where ropes and AV occur in the 
same position radially

■ But, measure where ropes are away from the AV

Yielding Data/MC Ratio =  19086
118756 ~ 0.16

Dealing with Radial dependence of nhits
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Application to Internal K40: -

■ With internal K40 there’s no easy way to deal 
with radial nhit dependence

■ But, the gammas from the ropes penetrate a bit 
into the scintillator

■ We can model this and extrapolate to interior.

This is what I’m working on currently…

Radial dependence of K40 signal



Summary of results:-

■ Provides a way knowing exactly where the K40 signal manifests in SNO+

■ This measurement has been used to characterize and quantify the K40 background from several 
sources: ropes, AV, now scintillator…

■ Because of the high half life of K40 decays, this signal can be used as an option to calibrate the 
detector or monitor light yield  

1616



QUESTIONS, COMMENTS 
CLARIFICATIONS?



BACKUP SLIDES



K40 NHIT SHIFT:-





MC ALIGNMENT:-



# of hit PMTs



# of hit PMTs



# of hit PMTs



# of hit PMTs



# of hit PMTs



SHADOW ALIGNMENT CALCULATION:-







Ang. Width = 3

Constrain Shadow alignment 
via Bi210 spectrum



Optimal cuts:-

■ Azimuthal cut optimized to 3 degrees per section – full spread is at 4.5 degrees

■ Provides best compromise between statistics and exclusivity

■ Radial cut set to r > 5200 mm for implied consistency with MC where 99% of gammas decay by 800 
mm mark from AV wall



NHIT SHIFT OF BIPO 214:-







ALIGNING MC AND DATA:-



MC



MC



MC:- Data:-


