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SNOLAB	  overview	  

•  Large:	  5000	  m2	  of	  underground	  
clean	  space	  

•  Deep:	  6800	  O	  (2km)	  below	  
surface	  
–  6000	  m.w.e.	  
–  ~70	  muons/day	  

•  Clean:	  Class-‐2000	  clean-‐room	  in	  
a	  working	  mine	  



SNO+	  overview	  

Acrylic	  vessel	  (6m	  radius)	  

PMT	  support	  structure,	  ~9500	  PMTs	  

Ultra-‐pure	  water	  shield:	  
1700	  tonne	  inner	  
5300	  tonne	  outer	  

~780t	  LAB	  liquid	  scin=llator	  

Urylon	  liner	  



Physics	  goals	  

•  SNO+	  has	  decided	  to	  prioriDse	  double	  beta-‐decay	  
•  However,	  other	  physics	  goals	  remain:	  

–  Solar	  neutrinos	  
•  pep	  &	  CNO	  neutrinos	  
•  Ma9er/vacuum	  dominated	  oscillaDons	  

–  Geo-‐neutrinos	  
•  Well	  understood	  local	  crust	  composiDon	  

•  U/Th	  distribuDons	  
–  Reactor	  neutrinos	  

•  Nearby	  reactors	  
•  Different	  spectral	  features	  to	  KamLAND	  

–  SensiDve	  to	  neutrinos	  from	  potenDal	  supernova	  
•  Expect	  100s	  of	  events	  for	  GalacDc	  supernova	  

*	  Assuming	  Borexino-‐
level	  backgrounds	  are	  
reached	  
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Enomoto et al., 2007; Dye, 2010; Gando et al., 2011;
Mareschal et al., 2011]. The predicted signal from the crust
over much of the Pacific is less than 4 TNU [Enomoto et al.,
2007]. This low crust rate reduces the systematic uncertainty
of the mantle signal to ≈1 TNU, which is comparable to that
introduced by the !10% precision of the chondritic abun-
dances of uranium and thorium. Figure 11 plots the
expected total geoneutrino signals with systematic uncer-
tainty only, assuming a homogeneous mantle, for an oce-
anic, existing, and continental site as a function of
radiogenic heating. Assuming radiogenic heating measure-
ments of 20 TW, the overlap of the cosmochemical and
geophysical model ranges, estimates the ultimate precisions
from a single observation. The oceanic, existing, and con-
tinental observations expect to measure 20 TW of radio-
genic heating with uncertainty no better than ≈15%, ≈30%,
and ≈40%, respectively. Clearly, the oceanic observation
offers the best resolution of radiogenic heating and the
tightest constraints on geological models. Moreover, the
oceanic observation potentially offers discrimination by
geoneutrino signal thorium-to-uranium ratio. The cosmo-
chemical and geophysical models predict signal averaged
thorium-to-uranium ratio ranges at the oceanic observatory
of 3.2–3.6, and 3.5–3.7, respectively. Distinguishing these
different values requires analysis of the shape of the
interaction energy spectrum (see Figure 4), which appears
possible with sufficient exposure [Wurm et al., 2012].
Discriminating the geoneutrino signal rates predicted by
the geological models at the oceanic site becomes a sta-
tistical issue of detector exposure. Constraining the model
end-members requires a relatively modest exposure of
about 2 TNU"1. Error in the mantle geoneutrino mea-
surement remains dominated by statistics for exposures of

20–50 TNU"1, depending inversely on the level of radio-
genic heating. A project to build and operate a movable
deep ocean antineutrino observatory capable of such
exposures is under discussion [Dye et al., 2006; Learned
et al., 2008].

14. CONCLUSIONS

[68] This review presents the science and status of geo-
neutrino observations, including the prospects for measuring
the radioactive power of the planet. Present geoneutrino
detection techniques provide sensitivity to the main heat-
producing nuclides 238U and 232Th. Techniques presenting
directional capability and sensitivity to lower-energy geo-
neutrinos from 235U and 40K require development. Existing
observations with limited sensitivity to geoneutrinos from
the mantle constrain radiogenic heating to 15–41 TW,
assuming a thorium-to-uranium ratio and a homogeneous
mantle. This range of acceptable values is comparable to
those estimated by geological models (11–38 TW) and
planetary cooling (13–37 TW). Future observations with
greater sensitivity to geoneutrinos from the mantle offer
more precise radiogenic heating assessments, approaching
15% at oceanic locations. More accurate evaluations of the
geoneutrino energy spectrum access the unmeasured tho-
rium-to-uranium ratio, helping to discriminate Earth models
if signals have dominant mantle contributions. At continen-
tal locations, including the sites for several future observa-
tories, the predicted mantle geoneutrino contribution is
≈20% of the total. Observations at oceanic locations far from

Figure 10. The predicted antineutrino energy spectra for
Sudbury, Canada, showing the contributions from geoneutri-
nos (U and Th) and nuclear reactors. The spectra assume a
detected energy resolution of dEne = 7%Ene

"1/2.

Figure 11. Expected geoneutrino signals (solid lines) with
systematic errors (dotted lines) expected at an oceanic (blue),
existing (black), and continental site (brown) as a function of
radiogenic heating. Assuming a terrestrial radiogenic heating
of 20 TW, the systematic uncertainty introduces error
(dashed lines) of 15% at the oceanic site, 30% at an existing
site, and 40% at a continental site.
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thickness 1000 km and lateral extent 0–521. The piles in both models
contain 10% of the mantle by mass. The predicted geoneutrino fluxes
from the mantle vary along latitude (Fig. 1d and Table 4). We used
geochemical BSE and A&McD DM abundances, which lead to enrich-
ment in U and Th within the piles by a factor of 6.0 and 12,
respectively. Both models generate a surface-averaged flux which is
basically identical (larger by 1%) to the flux in the spherically
symmetric EL model with the same HPE abundances. Model P1
shows a flux variation of þ31%

"22% amplitude about the average value, and
model P2 shows a somewhat smaller variation of þ18%

"10% amplitude
about the surface average. The significant spatial variation of geoneu-
trino fluxes from the mantle motivates more detailed models of
mantle geoneutrino emission.

We examine an enriched reservoir geometry that is based on
seismic images of the deep mantle. We use seismic tomography
model S20RTS (Ritsema et al., 1999) and consider a simple mapping
from shear-wave speed VS to enriched reservoir shape: slow regions
with VS anomaly below "0.25% relative to PREM (Dziewonski and
Anderson, 1981) and which are deeper than 1500 km are assigned
as enriched material. The remaining volume is assumed to be
depleted mantle (model TOMO; Fig. 1a). This parameterization gives
an enriched reservoir containing 9.5% of the mantle by mass (or 8.2%
by volume), while 90.5% is depleted mantle, i.e., proportions very
similar to the previously presented two-reservoir mantle models,
thus resulting in similar enrichment.

The calculated mantle geoneutrino fluxes from the U and Th decay
chains vary with geographical location; a global map for one
particular case using geochemical BSE and A&McD DM abundances
is shown in Fig. 2. The surface-averaged flux is very close to the
spherically symmetric EL model value (2% larger; Table 4). The
amplitude of the flux variation is þ25%

"13% relative to the spatial mean
of 0:96 cm"2 ms"1 (238Uþ232Th) for the enrichment factors 6.3 and
12 for U and Th, respectively. Two flux maxima – one at 125% of
average signal in southwestern Africa (9 1S 13 1E), the other at 121%
in Central Pacific (9 1S 161 1)W) – are related to the African and
Pacific deep mantle piles. The surrounding low flux region is broader
and less pronounced. The absolute minimum at 87% of the average is

at 48 1N 104 1E (Mongolia). Mantle geoneutrino flux maps for all
possible combinations of BSE and DM compositional estimates,
including propagation of the uncertainties (Supplementary Figs. S1
and S2) show that though the spatial pattern of the flux remains
identical for all cases—we use the same tomography-to-enriched
reservoir mapping, the surface-averaged flux and the amplitude of
variation is dependent on the compositional model. Table 4 reports
the average, minimum, and maximum flux based on the central
values of the compositional estimates. If the piles are compositionally
distinct as indicated by geophysics, and correspond to enriched
reservoirs as inferred from geochemistry, then the geoneutrino flux
exhibits a dipolar pattern.

4.3.1. Effect of mantle piles’ size on geoneutrino flux
The size of the possible enriched reservoir is not well constrained

from geochemical analyses. Seismic modeling defines the chemical
piles beneath Africa at # 5$ 109 km3 (or # 0:6% volume) (Wang
and Wen, 2004) and a similar size beneath the Pacific. This volume
is smaller than the enriched volume fraction of 8% (mass fraction of
10%) we obtained by using a cut-off contour of dVs ¼"0:25% of
seismic model S20RTS (Ritsema et al., 1999) to trace the enriched
mantle reservoir boundary. We investigate how the mantle geoneu-
trino flux at Earth’s surface changes when different dVs cut-off
contours are used. More negative dVs cut-off results in a smaller
enriched reservoir size, while the enrichment factor E (relative to
depleted mantle composition) is larger in order to yield a given bulk
mantle composition (Table 5). Maps of mantle geoneutrino flux at
the surface calculated for several different choices of dVs cut-off
contours are shown in Fig. 3. As a result of the trade-off between the
enriched reservoir size and its enrichment, they show similar spatial
pattern and comparable amplitudes.

5. Is lateral variation in mantle geoneutrino flux resolvable?

Measurements of geologically interesting electron antineutrinos
include the detections of mantle (M) and crust (C) geoneutrinos,

Mantle geoneutrino flux (238U+232Th)

88 92 90 100 104 108 112 116 120 124
% surf.ave.

Sudbury Kamioka Gran Sasso Hawaii
Geochemical BSE
A&McD DM

0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20
cm−2 µs−1

Fig. 2. Global map of geoneutrino flux from 238Uþ232Th decay in the mantle calculated for the TOMO model using geochemical BSE and A&McD DM compositional
estimates. A uniform radius for the crust–mantle boundary is used (6346.6 km), flux is evaluated at radius of 6371 km and shown as percentage of the surface-averaged
value (color scale) with contour lines at 4% intervals. Continental outlines (black), plate boundaries (white), and locations of geoneutrino detectors are plotted: Kamioka,
Japan (KamLAND, operational); Gran Sasso, Italy (Borexino, operational); Sudbury, Canada (SNOþ , online 2013); Hawaii (Hanohano, proposed; transportable detector as
illustrated by open triangles and arrows). (For interpretation of the references to color in this figure caption, the reader is referred to the web version of this article.)
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Figure 11. Expected geoneutrino signals (solid lines) with
systematic errors (dotted lines) expected at an oceanic (blue),
existing (black), and continental site (brown) as a function of
radiogenic heating. Assuming a terrestrial radiogenic heating
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Physics	  goals	  

•  SNO+	  has	  decided	  to	  prioriDse	  double	  beta-‐decay	  
•  However,	  other	  physics	  goals	  remain:	  

–  Solar	  neutrinos	  
•  pep	  &	  CNO	  neutrinos	  
•  Ma9er/vacuum	  dominated	  oscillaDons	  

–  Geo-‐neutrinos	  
•  Well	  understood	  local	  crust	  composiDon	  

•  U/Th	  distribuDons	  
–  Reactor	  neutrinos	  

•  Nearby	  reactors	  
•  Different	  spectral	  features	  to	  KamLAND	  

–  SensiDve	  to	  neutrinos	  from	  potenDal	  supernova	  
•  Expect	  100s	  of	  events	  for	  GalacDc	  supernova	  

Dye,	  S.,	  Rev.	  Geophys.,	  
50,	  RG3007	  (2012)	  
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and unobservable at present detectors [29]. Finally, elastic
scattering on electrons has a small rate and produces larger
recoil energies.

Consequently, we can use an almost universal descrip-
tion of the detector backgrounds for the SN burst signal—a
sharp threshold at T0 ! 0:2 MeV, and a well understood
reducible background above threshold. This was hoped for
in BFV, and it is remarkable that it has been achieved in
working experiments.

IV. DETECTED SIGNALS

We consider the large scintillator detectors, i.e.,
Borexino and KamLAND, which are already available
now, and SNOþ , which should be operational shortly.
For each of these detectors, we need to know three
relevant quantities: (i) the number of free proton targets
Np, (ii) Birks constant kB, and (iii) the energy resolution
!T0=T0. The values of these detector parameters are sum-
marized in Table I.

A. Signals

With these detectors, the expected neutrino signals in the
!-p elastic scattering channel are shown in Fig. 1 for
Borexino, in Fig. 2 for KamLAND, and in Fig. 3 for
SNOþ . We find that all three detectors can detect a
significant number of events, i.e.,!100=kton, with a mod-
est number of background events, above 0.2 MeV. We have
checked that our results agree in detail with BFV [29]
when identical inputs are used. Note that most of the signal
in the !-p elastic scattering channel comes from the hotter
!x flavors. This is partly due to their average energies being

higher than those of !e and "!e, and partly because there are
four flavors that contribute to the signal. Also note, as an
interesting aside, that the total yield with zero threshold is
about !500=kton, similar to the "!e yield from inverse
beta decays at water Cherenkov detectors. In the remainder
of this section, we justify our choices for the detector
parameters.

1. Borexino

A SN signal will be localized in time and allow use of
0.278 kton as the fiducial mass [42,43] instead of the
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FIG. 1 (color online). Galactic SN neutrino-proton elastic
scattering event spectrum at Borexino. The dashed vertical line
at 0.2 MeV shows the threshold used.
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FIG. 2 (color online). Galactic SN neutrino-proton elastic
scattering event spectrum at KamLAND.
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FIG. 3 (color online). Galactic SN neutrino-proton elastic
scattering event spectrum at SNOþ .

RECONSTRUCTION OF SUPERNOVA . . . PHYSICAL REVIEW D 83, 113006 (2011)

113006-5

Dasgupta,	  B.	  &	  Beacom,	  J.,	  PRD	  83	  113006	  (2011)	  



Neutrinoless	  double	  beta-‐decay	  search	  

•  Mo=va=on:	  
–  Is	  the	  neutrino	  Majorana	  or	  Dirac?	  

–  If	  Majorana,	  what	  is	  the	  effecDve	  
neutrino	  mass?	  

•  Liquid	  scint	  /	  SNO+	  DBD	  experiment:	  
–  Large	  isotope	  mass	  for	  small	  %	  loading	  

–  Low	  backgrounds	  (self	  shielding,	  
fiducialisaDon,	  SNO+	  overburden)	  

–  Spectral	  figng	  in	  place	  of	  energy	  bin	  
counDng	  

?	  
10 Oct 2002 10:51 AR AR172-NS52-04.tex AR172-NS52-04.SGM LaTeX2e(2002/01/18) P1: IBC

DOUBLE BETA DECAY 119

Figure 1 Illustration of the spectra of the sumof the electron kinetic energies Ke (Q is
the endpoint) for the ��(2⌫) normalized to 1 (dotted curve) and ��(0⌫) decays (solid
curve). The ��(0⌫) spectrum is normalized to 10�2 (10�6 in the inset). All spectra
are convolved with an energy resolution of 5%, representative of several experiments.
However, some experiments, notably Ge, have a much better energy resolution.

in Figure 2, which shows an essentially exponential improvement, by more than a
factor of four per decade, of the corresponding limits. If this trend continues, we
expect to reach the neutrino mass scale suggested by the oscillation experiments in
10–20 years. Given the typical lead time of the large particle physics experiments,
the relevant double beta decay experiments should begin the “incubation” process
now.

2. NEUTRINO MASS: THEORETICAL ASPECTS

2.1. Majorana and Dirac Neutrinos

Empirically, neutrino masses are much smaller than the masses of the charged
leptons with which they form weak isodoublets. Even the mass of the lightest
charged lepton, the electron, is at least 105 times larger than the neutrino mass
constrained by the tritium beta decay experiments. The existence of such large
factors is difficult to explain unless one invokes some symmetry principle. The
assumption that neutrinos are Majorana particles is often used in this context.
Moreover, many theoretical constructs invoked to explain neutrino masses lead to
the conclusion that neutrinos are massive Majorana fermions.
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Double	  beta-‐decay	  search	  

•  SNO+	  DBD	  concept:	  deploy	  element	  containing	  DBD	  isotope	  
in	  LAB	  liquid	  scinDllator	  

•  SNO+	  isotope:	  deploy	  0.3%	  loading	  (~2.3	  tonne)	  of	  Te	  
–  800	  kg	  of	  130Te	  (160	  kg	  in	  3.5m	  fiducial	  volume)	  

–  IntenDon	  to	  increase	  loading	  once	  technique	  is	  demonstrated	  
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130Te:	  

•  Highest	  natural	  abundance	  

•  2νββ	  background	  100	  Dmes	  
lower	  than	  for	  150Nd	  

•  Large	  0νββ	  matrix	  element	  
•  Proven	  ability	  to	  load	  in	  LAB	  

LS	  



Tellurium-‐130	  

SNO+	  collaborators	  have	  demonstrated	  that	  
130Te	  can	  be	  deployed	  and	  purified	  to	  a	  
high	  level	  in	  LAB	  scinDllator	  

Intrinsic	  light	  yield	  higher	  than	  for	  150Nd	  

No	  absorpDon	  lines	  in	  SNO+	  wavelength	  
range:	  poten=al	  for	  increased	  
deployment	  concentra=on	  

AbsorpDon	  vs	  wavelength	  for	  LAB+PPO+0.1%	  	  
loading	  

OpDcally	  transparent	  Te-‐loaded	  scinDllator	  



SNO+	  0νββ	  backgrounds	  

•  2νββ:	  Intrinsic	  to	  deployment	  of	  isotope	  

•  8B	  solar	  ν:	  Irreducible	  background	  

•  Cosmogenic:	  ReducDon	  to	  negligible	  level	  demonstrated,	  
minimise	  isotope	  Dme	  at	  surface	  

•  214Bi	  &	  208Tl:	  reduced	  by	  delayed	  coincidence	  α/β	  tagging	  
(expect	  99.99%	  and	  97%	  respecDvely)	  

•  Dominant	  backgrounds	  do	  not	  scale	  with	  Te	  mass	  
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Negligible cosmogenics

0νββ	  expectaDon	  

mββ=270meV	  
2	  year	  liveDme	  
3.5m	  fiducial	  volume	  
100%	  efficiency	  of	  detecDon	  &	  analysis	  
99.99%	  and	  97%	  efficient	  internal	  214Bi	  
and	  208Tl	  α	  tag	  respecDvely	  
Factor	  200	  rejecDon	  212Bi	  

Negligible	  systemaDcs	  
Negligible	  cosmogenics	  
Material	  used	  to	  load	  Te	  has	  
radioacDvity	  between	  SNO	  H2O	  and	  D2O	  
levels	  
Acrylic	  and	  PMT	  radioacDvity	  at	  SNO	  
proposal	  levels	  

Light	  yield	  and	  detector	  opDcs	  based	  on	  
UPenn	  and	  BNL	  measurements	  

M0ν,gA	  from	  Phys.	  Rev.	  C,	  87,	  014315(2013)	  
G0ν	  from	  Phys.	  Rev.	  C,	  85,	  034316	  (2012)	  

Assumes:	  



SNO+	  0νββ	  sensiDvity	  

•  SNO+	  expected	  to	  be	  very	  compeDDve,	  with	  scope	  for	  
increased	  130Te	  loading	  in	  the	  future	  



D2O	  -‐>	  LAB	  (SNO+	  preparaDon)	  

•  Buoyancy:	  installed	  “hold	  down”	  rope	  
net	  

Above:	  rope	  net	  parDally	  deployed	  
Below:	  view	  of	  upper	  AV	  with	  rope	  net	  



D2O	  -‐>	  LAB	  (SNO+	  preparaDon)	  

•  Buoyancy:	  installed	  “hold	  down”	  rope	  
net	  

•  Light	  yield:	  upgrades	  to	  trigger	  &	  
readout	  electronics	  and	  DAQ	  

New	  trigger	  and	  readout	  electronics	  



D2O	  -‐>	  LAB	  (SNO+	  preparaDon)	  

•  Buoyancy:	  installed	  “hold	  down”	  rope	  
net	  

•  Light	  yield:	  upgrades	  to	  trigger	  &	  
readout	  electronics	  and	  DAQ	  

•  Purifica=on:	  new	  LAB	  purificaDon	  
systems	  

Parts	  of	  LAB	  processing	  
system	  arriving	  on	  site	  



D2O	  -‐>	  LAB	  (SNO+	  preparaDon)	  

•  Buoyancy:	  installed	  “hold	  down”	  rope	  
net	  

•  Light	  yield:	  upgrades	  to	  trigger	  &	  
readout	  electronics	  and	  DAQ	  

•  Purifica=on:	  new	  LAB	  purificaDon	  
systems	  

•  Deployed	  calibra=ons:	  new	  cover-‐gas	  
&	  calibraDon	  source	  deployment	  
system	  

Universal	  Interface	  for	  
calibraDon	  sources	  



D2O	  -‐>	  LAB	  (SNO+	  preparaDon)	  

•  Buoyancy:	  installed	  “hold	  down”	  rope	  
net	  

•  Light	  yield:	  upgrades	  to	  trigger	  &	  
readout	  electronics	  and	  DAQ	  

•  Purifica=on:	  new	  LAB	  purificaDon	  
systems	  

•  Deployed	  calibra=ons:	  new	  cover-‐gas	  
&	  calibraDon	  source	  deployment	  
system	  

•  Op=cal	  calibra=ons:	  new	  in-‐situ	  light	  
source	  calibraDon	  systems	  
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External optical calibration system

19

Stable, high-intensity LED drivers achieving sub-nano second risetime to 
ensure fast and reproducible light pulses reach the detector.

light injection points near 
each node of PMT support structure

ensuring full coverage

ELLIE	  (in-‐situ)	  
calibraDon	  concept	  

ELLIE	  fibres	  in	  the	  
SNO+	  cavity	  



D2O	  -‐>	  LAB	  (SNO+	  preparaDon)	  

•  Buoyancy:	  installed	  “hold	  down”	  rope	  
net	  

•  Light	  yield:	  upgrades	  to	  trigger	  &	  
readout	  electronics	  and	  DAQ	  

•  Purifica=on:	  new	  LAB	  purificaDon	  
systems	  

•  Deployed	  calibra=ons:	  new	  cover-‐gas	  
&	  calibraDon	  source	  deployment	  
system	  

•  Op=cal	  calibra=ons:	  new	  in-‐situ	  light	  
source	  calibraDon	  systems	  

•  Cleanliness:	  clean	  inside	  of	  AV	  

Lower hemisphere 

AV	  cleaning	  
ladder	  



SNO+	  commissioning	  

New	  electronics,	  DAQ	  and	  in-‐situ	  light	  injec=on	  systems	  have	  been	  commissioned	  
over	  several	  periods	  of	  dry	  (“air-‐fill”)	  running	  

View#from#New#Internal#CCD#Camera#System#



SNO+	  status	  &	  schedule	  

•  Current	  status:	  
–  Approx	  2.5m	  water	  in	  cavity	  

–  TesDng	  water	  purity	  &	  new	  floor	  
liner	  

•  Schedule:	  
–  Summer	  2013:	  ConDnue	  water	  

fill,	  test	  AV	  buoyancy	  &	  rope	  net	  
tension	  

–  Autumn	  2013:	  Water	  data	  –	  
calibraDons	  and	  nucleon	  decay	  
search	  

–  Early	  2014:	  Begin	  scinDllator	  fill	  
–  Summer/Autumn	  2014:	  Deploy	  

double	  beta	  isotope	  

Water	  in	  cavity!	  

Buoyancy	  and	  rope	  
net	  test	  schemaDc	  



Thanks	  for	  listening!	  



BACKUP	  SLIDES	  



SensiDvity	  comparison	  



Double	  beta	  backgrounds	  

•  Dominant	  0νββ	  backgrounds	  do	  not	  scale	  with	  isotope	  mass:	  
–  b:	  backgrounds	  that	  scale	  with	  mass	  

–  C:	  backgrounds	  to	  do	  not	  scale	  with	  mass	  
–  δE:	  energy	  resoluDon	  
–  nσ:	  confidence	  level	  

€ 

T1/ 2
0νββ =

Nisotope ln2
nσ

t
bM +C( )δE

f δE( )



Solar	  neutrinos	  

•  SNO+	  has	  decided	  to	  prioriDse	  0νββ	  
•  Radon	  daughters	  have	  accumulated	  on	  the	  surface	  of	  the	  AV	  

over	  the	  last	  few	  years	  in	  a	  significant	  way.	  If	  these	  leach	  into	  
the	  scinDllator,	  the	  purificaDon	  system	  has	  the	  capability	  to	  
remove	  them.	  	  

•  However,	  depending	  on	  the	  actual	  leach	  rate,	  that	  removal	  
might	  be	  inefficient	  and	  the	  210Bi	  levels	  in	  the	  scinDllator	  too	  
high	  for	  a	  pep/CNO	  solar	  neutrino	  measurement	  without	  
further	  miDgaDon.	  	  	  

•  MiDgaDon	  could	  include	  enhancing	  online	  scinDllator	  
purificaDon,	  draining	  the	  detector	  and	  sanding	  the	  AV	  surface	  
to	  remove	  radon	  daughters,	  or	  deploying	  a	  bag.	  	  

•  0νββ	  and	  low-‐energy	  8B	  solar	  neutrino	  measurements	  are	  not	  
affected	  by	  these	  backgrounds	  


