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• Uncontroversial Standard Model process
• Large enhancement to cross-section

for En < few tens of MeV 
(s µ N2, possible only for neutral current)

• 43 yrs until successful detection… combination of      
source & detector technology was missing:

Detector mass must be at least ~1 kg (reactor
experiment) + recoil energy threshold << 1keV 

(recoils lose just 10-20% of E to ionization or scintillation)
• Cryogenic bolometers and many other methods  
proposed over the last four decades.

A 10c introduction to 
coherent n-N scattering (CEnNS)

Cabrera, Krauss & Wilczek
Phys. Rev. Lett. 55, 25–28 (1985)
(prehistory of CDMS detectors)

qR<1

Fundamental physics:
• Largest sn in SN dynamics: should be

measured to validate models (J.R. Wilson, PRL 32 (74) 849)

• A large detector can measure total E and T of   
SN nµ, nt Þ determination of n oscillation 
pattern and mass of n star                      
(J.F.Beacom, W.M.Far & P.Vogel, PRD 66(02)033011)

• Coherent s same for all known n… 
oscillations observed in a coherent detector

Þ evidence for nsterile (A.Drukier & L.Stodolsky, PRD 30 (84) 2295)

• Sensitive probe of weak nuclear charge
Þ test of radiative corrections due to new 
physics above weak scale (L.M.Krauss, PLB 269, 407)

• More sensitive to NSI and new neutral bosons 
than n factories. Also  effective n charge ratio   
(J. Barranco  et al., hep-ph/0508299, hep-ph-0512029)

• s critically depends on µn: observation of 
SM prediction would increase sensitivity to µn

by > an order of magnitude (A.C.Dodd et al, PLB 266 (91) 434)

• Sensitive probe of neutron dens. distribution

Smallish detectors… “n technology”?
• Monitoring of nuclear reactors against illicit operation 
or fuel diversion: present proposals using conventional 
1-ton detectors reach only > ~3 GWt reactor power
• Geological prospection, planetary tomography…

the list gets much wilder.

D.Z. Freedman
Phys. Rev. D 9 (1974) 1389
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(my take on
Leo Stodolsky’s
“neutrino radio”)



“Tendons”

LN2 
generation
and auto-transfer

BaDAss
(Background Detector Assembly)

San Onofre
Unit 3 core
20m that way

30 mwe
Everyone needs a hobby

“network
access”



“Tendons”

LN2 
generation
and auto-transfer

San Onofre
Unit 3 core
20m that way

30 mwe

Expected CEnNS signal (resolution folded in) 

68,71Ge L-shell EC

G. Gratta dixit: “first to put CEnNS signal 
and backgrounds on a linear-linear plot…”

PPC surface event rejection not known at 
the time, would have further reduced the 
background. 

However, real impediment was residual 
electronic noise. 

Latest PPCs may be up to snuff
(but it won’t be me who tries this again…)

So close, and yet so far

“network
access”



Other reactor enthusiasts:

(also MINER)

Technological applications: reactor monitoring is around the corner
(compact microbolometer arrays and CCDs are almost there)



Fortunately, reactors are not the only game in town:

SNS @ ORNL: 200x more 
n’s than n’s, 

but we’ll take it
(~1022 n/day...)
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SNS @ ORNL: 200x more 
n’s than n’s, 

but we’ll take it
(~1022 n/day...)

Expected 
CEnNS signal

is characteristic
in both
energy 

and time

Means
environmental
background 
reduction
by X 1,600 



Enter COHERENT @ SNS:
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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 ~5 keVnr threshold        
(we have measured this).

• Statistical NR/ER discrimination is 
possible at low-E with large statistics.

• Sufficiently low in intrinsic backgrounds 
(U, Th ,K-40, Rb-87, Cs-134,137) 
Measurements in complete SNS shield 
and 6 m.w.e. indicated we were 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 n recoils/year in 14 kg 
detector. 

Why CsI[Na]? (NIM A773 (2014) 56) 



Brute force
(large N2)
not 
sufficient!

(tradeoff
between
x-section
and 
maximum
recoil E)
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• Quenching factor in energy ROI 
sufficient for ~5 keVnr threshold        
(we have measured this).

• Statistical NR/ER discrimination is 
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inexpensive ($1/g), modest afterglow 
(CsI[Tl] not a viable option for surface 
experiment). 

• Expect ~550 n recoils/year in 14 kg 
detector. 

CsI[Tl] not an option 
due to excessive afterglow

Why CsI[Na]? (NIM A773 (2014) 56) 



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)

Preliminaries: background studies w/ 2 kg prototype

Pulsed SNS signal leads to very low bckg.

We improved on prototype background level! 



Preliminaries: in situ neutron bckg measurements

The “neutrino alley” @ SNS

Measured NIN and prompt n bckg rates 
are x50 and x20 
smaller than CEnNS signal rate.

prompt n’s

NINs



Preliminaries: 14.5 kg detector characterization

collimated source

small Brillance crystal

14.5 kg CsI[Na]

SA w/ all cuts at SNS

Excellent light-yield 
and uniformity

low-energy
(<50 PE) 
PSD



Preliminaries: Quenching factor measurements

FOURTH 
measurement
of CsI[Na] QF
within COHERENT
is in progress…



Installation of 14.5 kg CsI[Na] June 2015
(first “handheld” n detector)

3” HDPE 
all around

This.

LB Pb

Law & Order

water tanks

Regular Pb

µ veto



What next: precision CEnNS studies with PPCs

• Excellent energy resolution 
and low threshold (most SM 
deviations through new n
physics way down there).

• Best-measured quenching 
factor (and getting better).

• 10 kg of Ge in compact      
4-crystal array (possible 
through CoGeNT/C-4 R&D).

Magnetic moment, milli-charged n’s, n charge radius…

State-of-the-art 
in large PPCs
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What next: precision CEnNS studies with PPCs

• Excellent energy resolution 
and low threshold (most SM 
deviations through new n
physics way down there).

• Best-measured quenching 
factor (and getting better).

• 10 kg of Ge in compact      
4-crystal array (possible 
through CoGeNT/C-4 R&D).

CEnNS
holds great 
promise to expand 
our knowledge of 
neutrino properties. 

However, we must expand
our knowledge of 
detector response to
low-E NRs first!


