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SNOLAB is located in the Creighton mine near Sudbury, Canada. It contains 
several neutrino and dark matter experiments. At its depth of about 2000m, 
the muon rate in SNO+ is reduced to 2 or 3 per hour. The main physics goal of 
SNO+ is to search for neutrinoless double beta decay; the detector is also 
sensitive to solar & supernova neutrinos and reactor & geo antineutrinos. 
SNO+ can also place competitive limits on certain modes of nucleon decay.

SNO+ Detection Scheme

The SNO+ experiment uses the existing Sudbury Neutrino Observatory (SNO) 
detector. At the heart of the detector is a 12m diameter acrylic vessel filled with 
liquid scintillator and 130Te, an isotope that undergoes double beta decay. Viewing 
the scintillator are ~9,500 sensitive photomultiplier tubes (PMTs). The PMTs detect 
light that is emitted when charged particles pass through the scintillator. 

Fig. 1: SNOLAB location and depth (left), and facilities map showing the location of SNO+ in SNOLAB (right). 

Fig. 2: The full SNO+ detector & cavity (left), PMT with concentrators (middle top), the effect of different scintillator mixtures on target 
properties (middle bottom), and a photo of the acrylic vessel surrounded by the PMTs (right).
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Fig. 4: PMT and concentrator geometry Ref: P.G. Jones, “Background 
Rejection for the Neutrinoless Double Beta Decay Experiment SNO+” 2011
 (left) with simulated angular response at 386nm (right). 

0νββ with SNO+
Neut r ino less doub le be ta decay (0νββ ) 
experiments offer the most practical way to probe 
whether the neutrino is a Majorana or Dirac 
particle.

The signature for this process is a peak at the end-
point of the two-neutrino double beta decay (2νββ) 
spectrum. See Figure 3 

The large-scale liquid scintillator approach in 
SNO+ has many advantages:
• Ability to run with different targets (pure 
scintillator, 0.1% Te, etc.) to understand detector 
response and background levels

• Simple, well-understood detector geometry 
• Potential for large mass target
• Significant self-shielding
• Fast time response of scintillator enables identification of background 
coincidences

Every PMT in the SNO+ detector is 
surrounded by a concentrator -- a 
reflective cone made up of several 
aluminum petals -- designed to increase 
light collection.

• Increased photon statistics provided by 
the concentrators strongly impact 
energy resolution, so understanding the 
concentrators is important in order to 
accurately reproduce the detector 
behavior in simulation.

• The so-called "angular response" is 
used in SNO+ to characterize the 
response of the PMT + concentrator 
combination to light as a function of 
incident angle (Figure 4). Angular 
response is the fraction of incident

Fig. 5: Nonuniform aging of concentrator petals (left) with a plot showing 
the resulting decrease in angular response over the course of SNO. Ref: R. 
Dosajnh, “’end-of-salt’ optics extraction (version 1.2).” SNO internal, Feb, 
2004 (right). 

Fig. 3: Two double beta decay processes (top), and 
the expected 2-electron energy spectrum (bottom).

photons that cause a successful PMT hit, binned at each angle relative to the 
PMT normal. The angular response is strongly wavelength-dependent.

• Properly modeling any detector components that affect angular response, and 
successfully measuring angular response is essential for accurate event 
reconstruction, in particular the position dependence of energy reconstruction.

• During SNO, the response at higher angles was seen to decrease over time due 
to aging of the concentrator petals (Figure 5).

• Petals age non-uniformly, even when they are in the detector for the same 
amount of time, and there is no correlation of aging with position in the detector.

• Given the effect of aging on angular response, accurate modeling of the aging 
process is critical in order to produce a high-precision model of the SNO+ detector 
response. 

The electronic calibration (ECA) is the first step in 
turning raw data into meaningful physics 
information.

• SNO+ PMTs each have 16 ADC cells that 
temporarily store information until the detector 
triggers. Each cell stores several values that will 
later be converted into charges and hit times.

• The ECA analysis: (1) calculates the pedestal  
values for the three measured charge values, and 
(2) calculates the slope of the time-to-amplitude 
converter (TAC slope). The pedestal values are the 
zero charge values (in ADC counts) that the PMT 
returns when there is no actual PMT hit; they must 
be subtracted from the charge values during actual 
data taking. When a PMT registers a hit, the TAC 
voltage starts to ramp, calculating the slope of this 
ramp allows for the conversion of ADC counts into 
time.

• During data taking, unstable ECA constants, e.g. 
varying pedestal values, are the first sign that 
something could be wrong with a PMT.

Fig 8: An event view showing PMT occupancy during 
“airfill” (November 2012). The PMTs were taken to high 
voltage while the AV was empty, save for a ladder, 
which is clearly visible in the data. 

Fig 9: A comparison of “airfill” pedestals (labelled 
PDST_XXXX_X) with SNO pedestals (labelled 
PDSTsno_XXXXX_X) taken at different times. The plot 
shows that the distribution of this pedestal has not 
changed since SNO.

• Testing ECA pedestal values against 
SNO values, and testing the SNO+ 
analysis code against the SNO 
analysis code, shows the SNO+ ECA 
calibration is accurately extracting 
electronics calibration constants from 
the data.Fig 10: A comparison of SNO ECA data analyzed with the SNO analysis code 

(SNOMAN) and the same data analyzed with the SNO+ analysis code (RAT). 

The idea for concentrator aging is to fit the available angular response data from 
SNO with an aging model. Each time period in SNO showed a change in angular 
response, so each fit of the data would yield different results for the aging model 
parameters. The time evolution of the aging model parameters would then be 
extracted to predict future aging in SNO+, which can then be tested against SNO+ 
calibration data.

The fitting method uses a class called MiniSim, which is a minimized version of the 
full SNO+ Monte Carlo simulation (RAT), and the ROOT TMinuit class. With each 
iteration of the fit, MiniSim runs with different aging parameters and produces an 
angular response, which is then compared to the “data” we are fitting. The “data” is 
a RAT simulation with known aging parameters or SNO data. 

• The basic aging model is an increase in diffuse reflectivity and absorption, with a 
decrease in specular reflectivity, of the RAT concentrator model. The changes to 
these reflectivities can be dependent on the position the incoming photon hits the 
concentrator to mimic the non-uniformity seen in the petals (Figure 6).

• Several methods of fitting and several aging models have been used to test the 
fitting procedure. Testing of the fitting procedure is done against a RAT simulation 
with known aging.

• After several tests produced the same results (Figure 7), it has been concluded 
that a manual sweep of parameter space is necessary. As the fitting routine 
approaches the true parameter value, there is a jitter in the 𝛘2.

Fig. 6: An example of a angular response with an 
aged concentrator compared with the RAT default. 

Fig. 7: An example of typical behavior of the MiniSim + Minuit fit. The  
parameter approaches the correct value, but the fit exits with an error when 
small variations around the parameter value result in a jitter in 𝛘2. The right plot 
is a zoomed view of the left. 
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