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San Onofre�
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20m that way �
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Expected CEνNS signal (resolution folded in) �

68,71Ge L-shell EC�

Giorgio dixit: “first to put CEνNS signal 
and backgrounds on a lin-lin plot…”�

Surface event rejection, not 
implemented at the time, would have 
further reduced the bckg. However, 
the real impediment is remaining 
electronic noise. Our latest PPCs may 
now be ready for another attempt (but 
it won’t be me who tries this again…)�

Everyone needs a hobby 



Using measured �
quenching factor �

•  Large N2 => large x-section.�
•   Cs and I surround Xe in Periodic Table: 

they behave much like a single recoiling 
species, greatly simplifying understanding 
the NR response.�

•  Quenching factor in energy ROI 
sufficient for ~7 keVnr threshold        
(we have measured this).�

•  Statistical NR/ER discrimination is 
possible at low-E (but will need further 
improved signal-to-background).�

•   Sufficiently low in intrinsic backgrounds 
(U, Th ,K-40, Rb-87, Cs-134,137) 
Measurements in complete SNS shield 
and 6 m.w.e. indicate we are ready)�

•  Practical advantages: High light yield  
(64 ph/keVee), optimal match to bialkali 
PMTs, rugged, room temperature, 
inexpensive ($1/g), modest afterglow 
(CsI[Tl] not a viable option for surface 
experiment). �

•  Expect ~550 ν recoils/year in 14 kg 
detector under construction. �

Why CsI[Na]? (NIM A773 (2014) 56) �

�
�

1.7E7 ν/cm2s�
@20m, e.a. flavor�

(boule grown at AMCRYS, detector already at UC)�
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•  Expect ~550 ν recoils/year in 14 kg 
detector under construction. �
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they behave much like a single recoiling 
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Simultaneous ER and NR low-E response measured�
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Quenching factor measured over full 
energy ROI at SNS �

(boule grown at AMCRYS, detector already at UC)�

Why CsI[Na]? (NIM A773 (2014) 56) �

�
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•  Large N2 => large x-section.�
•   Cs and I surround Xe in Periodic Table: 

they behave much like a single recoiling 
species, greatly simplifying understanding 
the NR response.�

•  Quenching factor in energy ROI 
sufficient for ~7 keVnr threshold        
(we have measured this).�

•  Statistical NR/ER discrimination is 
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improved signal-to-background).�
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(U, Th ,K-40, Rb-87, Cs-134,137) 
Measurements in complete SNS shield 
and 6 m.w.e. indicate we are ready)�

•  Practical advantages: High light yield  
(64 ph/keVee), optimal match to bialkali 
PMTs, rugged, room temperature, 
inexpensive ($1/g), modest afterglow 
(CsI[Tl] not a viable option for surface 
experiment). �

•  Expect ~550 ν recoils/year in 14 kg 
detector under construction. �

1000 ER or NR�
pulses added�

Scintillation response �
for NRs and ERs studied�
in relevant low-energy�
region (~4-20 PEs)�
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•  Large N2 => large x-section.�
•   Cs and I surround Xe in Periodic Table: 

they behave much like a single recoiling 
species, greatly simplifying understanding 
the NR response.�

•  Quenching factor in energy ROI 
sufficient for ~7 keVnr threshold        
(we have measured this).�

•  Statistical NR/ER discrimination is 
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improved signal-to-background).�

•   Sufficiently low in intrinsic backgrounds 
(U, Th ,K-40, Rb-87, Cs-134,137) 
Measurements in complete SNS shield 
and 6 m.w.e. indicate we are ready)�

•  Practical advantages: High light yield  
(64 ph/keVee), optimal match to bialkali 
PMTs, rugged, room temperature, 
inexpensive ($1/g), modest afterglow 
(CsI[Tl] not a viable option for surface 
experiment). �

•  Expect ~550 ν recoils/year in 14 kg 
detector under construction. �

2 kg test crystal.�
Screened salts, 
electroformed Cu can (PNNL), 
ULB window and reflector.�

99.6% �
measured efficiency�
muon veto. �
300 Hz trigger rate. �

ET 9390UFL �
Low bckg PMT �

Inner ULB Pb liner�
(<0.02 Bq Pb-210/kg) �

Incomplete Pb shield�
(>18 cm in all directions)�
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•  Large N2 => large x-section.�
•   Cs and I surround Xe in Periodic Table: 

they behave much like a single recoiling 
species, greatly simplifying understanding 
the NR response.�

•  Quenching factor in energy ROI 
sufficient for ~7 keVnr threshold        
(we have measured this).�

•  Statistical NR/ER discrimination is 
possible at low-E (but will need further 
improved signal-to-background).�

•   Sufficiently low in intrinsic backgrounds 
(U, Th ,K-40, Rb-87, Cs-134,137) 
Measurements in complete SNS shield 
and 6 m.w.e. indicate we are ready)�

•  Practical advantages: High light yield  
(64 ph/keVee), optimal match to bialkali 
PMTs, rugged, room temperature, 
inexpensive ($1/g), modest afterglow 
(CsI[Tl] not a viable option for surface 
experiment). �

•  Expect ~550 ν recoils/year in 14 kg 
detector under construction. �

Quenching of electroformed 
ULB can for 14kg crystal�
(PNNL) �

14kg ULB can (PNNL)�
(out at AMCRYS) �

Finished 14 kg detector at UC.�
Moved to low-bckg SBA PMT (further ~30% reduction in threshold)�
Final characterization ongoing (light yield uniformity)�
Installation at SNS ~this spring (once ongoing NIN meas. is over)�
�

Why CsI[Na]? (NIM A773 (2014) 56) �

�
�

(boule grown at AMCRYS, detector already at UC)�



•  Study of backgrounds with 2 kg detector 
within a full shield (except n moderator) 
at 6 m.w.e. (~similar to SNS basement).�

•  Threshold ~7 keVnr (4 PE) demonstrated.�
•  Clear CENNS excess expected following a 

2-3 year run with 14 kg detector. Some 
~550 ev/year expected in 4-20 PE 
region. Measured steady-state 
backgrounds are sufficiently low (but 
further improvements seem possible -> 
neutron moderator, fancier treatment of 
discrimination against afterglow).�

•  GEANT simulation (transport of target 
neutrons to basement) using UC cluster. 
CPU-intensive! Several sanity checks 
performed. Confirms that basement 
location should keep target neutrons at 
bay.�

•  νe CC reaction in Pb provides largest 
foreseeable background. Several ways to 
discriminate CENNS and this reaction.�

•  Should we measure 208Pb(νe,e)208Bi first? 
Advantages: 1) quick measurement 
eliminates this unknown, 2) a first ν 
physics result at the SNS at hand -> 
useful for HALO, traction with agencies.�

Highlights of feasibility study�
�
�

4-20 PE region of interest.�
Dominant LE bckg is random PE bunches�

Effect of muon veto�
(99.6% efficient) �

A good built-in neutron monitor �



•  Study of backgrounds with 2 kg detector 
within a full shield (except n moderator) 
at 6 m.w.e. (~similar to SNS basement).�

•  Threshold ~7 keVnr (4 PE) demonstrated.�
•  Clear CENNS excess expected following a 

2-3 year run with 14 kg detector. Some 
~550 ev/year expected in 4-20 PE 
region. Measured steady-state 
backgrounds are sufficiently low (but 
further improvements seem possible -> 
neutron moderator, fancier treatment of 
discrimination against afterglow).�

•  GEANT simulation (transport of target 
neutrons to basement) using UC cluster. 
CPU-intensive! Several sanity checks 
performed. Confirms that basement 
location should keep target neutrons at 
bay.�

•  νe CC reaction in Pb provides largest 
foreseeable background. Several ways to 
discriminate CENNS and this reaction.�

•  Should we measure 208Pb(νe,e)208Bi first? 
Advantages: 1) quick measurement 
eliminates this unknown, 2) a first ν 
physics result at the SNS at hand -> 
useful for HALO, traction with agencies.�

Highlights of feasibility study�

Residual background may be �
dominated by environmental n�
(no moderator in these runs) �

Clear CENNS excess after 
steady-state bckg subtraction�
(3 year run shown here).�
One of two representations�
possible (time is the other).�

Very conservative�
(dominated by γ, �
shielding not in simulation 
yet. HP GEANT prediction 
is x10 lower. In progress)�

14 kg predictions 
scaled from 2 kg 
measurements�



Preliminaries: in situ NIN measurement�



Preliminaries: in situ NIN measurement�

•  If x-sections are what is 
expected, we should have a 
measurement of CC (+ perhaps 
NC) NIN production in Pb within 
the next few months. �

•  Main purpose of ongoing 
measurement is to educate 
CsI[Na] shield design. We plan a 
much higher statistics 
measurement with dedicated NIN 
detectors (“NIN-cubes”), also 
using other targets (G. Rich talk 
tomorrow)�

•  We need theory help already! �



Dangling ends desperately needing theory input:�
1) A best effort at calculating CC NIN 
x-section specifically for SNS ν 
energies. We should be able to 
distinguish between predictions from 
different nuclear models. �

(this is what is used for the expectations in previous 
transparency, post corrections <- checked with authors)�

Situation for Fe, �
very similar for Pb�



Dangling ends desperately needing theory input:�

2) Best effort at calculating spectrum of 
neutron emission energies. Presently using a 
simple spallation spectrum in Pb as a place 
holder (NIMA 354 (1995) 553). We should be 
able to eventually deconvolve this emission 
spectrum with data from a high-statistics run 
using the NIN-cubes (G. Rich talk tomorrow).�
�
3) Is the assumption of isotropic neutron 
emission correct?�



Dangling ends desperately needing theory input:�
4) NC NINs are prompt, but in principle only a 
~10% fraction of CC NINs. We may be able to 
measure these too, or to at least place an 
upper limit to the x-section. Best effort 
needed to calculate νµ NIN x-section at 
exactly 29.9 MeV (resonances could make a 
significant difference). We plan to run with 
detectors outside Pb, to help disentangle NC 
NINs from POT neutrons. �


