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• CEnNS provides a new avenue to explore  
fundamental neutrino and nuclear physics.

• ESS is the ultimate source for CEnNS, as far 
as the eye can see.

• As such, it deserves next-generation nuclear 
recoil (NR) detectors sensitive to CEnNS.

• Precision: removing statistical limitations is 
possible at the ESS with non-intrusive 
detectors

       (small footprint, no interference with neutron mandate)

• Developing three technologies to meet 
challenge via two ERC actions. Benefit from 
their synergies.

• Perfect timing vis-à-vis ESS start. Possible 
sites identified and studied via simulation 
(background measurements in preparation)

• Enthusiastic reception. Work (and flow of 
funding) has started!
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Large s leads to compact detectors 
(tens of kg at spallation source)
but requires sophisticated technologies
(ultra-low threshold)



Coherent Elastic n–Nucleus Scattering @ ESS

ESS-SuperBeam

ESS

Example: sensitivity to non-standard neutrino interactions 
(smaller is better)

SNS

Comparison of past, present and future spallation sources for CEnNS:
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DIPC PIs:

J.I. Collar (first CEnNS measurement)
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Coherent Elastic n–Nucleus Scattering @ ESS
Non-intrusive sites identified in collaboration
with ESS personnel

utility room
“earmarked”

for CEnNS
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mezzanine



Coherent Elastic n–Nucleus Scattering @ ESS
JHEP 02 (2020) 123

Expression of Interest (61 researchers, 24 institutions). MOU DIPC/ESS submitted. 

Much work to do before ESS POT!

• CEnNS detector 
construction/modifications
• Quenching Factor studies
• neutron bckg 
measurements/simulations 

(siting @ ESS)
• neutrino flux characterization• applications (phenomenology)

(EOI under review)

• CEnNS provides a new avenue to explore  
fundamental neutrino and nuclear physics.

• ESS is the ultimate source for CEnNS, as far 
as the eye can see.

• As such, it deserves next-generation nuclear 
recoil (NR) detectors sensitive to CEnNS.

• Precision: removing statistical limitations is 
possible at the ESS with non-intrusive 
detectors

       (small footprint, no interference with neutron mandate)

• Developing three technologies to meet 
challenge via two ERC actions. Benefit from 
their synergies.

• Perfect timing vis-à-vis ESS start. Possible 
sites identified and studied via simulation 
(background measurements in preparation)

• Enthusiastic reception. Work (and flow of 
funding) has started!



Funded detectors (thus far)

Cryogenic undoped 
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Funded detectors (thus far)

Cryogenic undoped 
CsI

p-type point contact 
Ge

high pressure gas 
TPC

100 MEUR/ 10 yr IKERBASQUE program.
“Neutrionics” one of four poles.

A COLINA visible
above the horizon…

ERC-Advanced grant ERC-Starting grant



● Natural evolution from CsI[Na] at SNS (same 
advantages of large s, similar Cs-I mass, low 
afterglow)

● Combine higher light yield (x2.5-3) and more 
efficient photosensors (x3 higher QE)

● Large mass increase to ~52 kg (seven 7x7x35 
cm crystals)

● LAAPDs with >80% QE provide a measured    
< 55 eVee threshold in inorganic scintillator (!). 
Presently limited by charge-trapping noise in 
NTD silicon. R&D to bypass this in 
collaboration with industry (FAGOR 
semiconductors). 

● Much improved internal radiopurity w.r.t. SNS, 
advanced inner active LAr veto.

● Well-studied Quenching Factor down to 
threshold. 

Cryogenic (87 K) undoped CsI array:

Compact 52 kg array of 
cryogenic CsI yields up to ~18k 
CEνNS events/yr 

Moving from ~100 events/yr…

…to ~18k events/yr

JHEP 02 (2020) 123

Bigger is not always better:



Cryogenic (87 K) undoped CsI array:
JHEP 02 (2020) 123

● Natural evolution from CsI[Na] at SNS (same 
advantages of large s, similar Cs-I mass, low 
afterglow)

● Combine higher light yield (x2.5-3) and more 
efficient photosensors (x3 higher QE)

● Large mass increase to ~52 kg (seven 7x7x35 
cm crystals)

● LAAPDs with >80% QE provide a measured    
< 55 eVee threshold in inorganic scintillator (!). 
Presently limited by charge-trapping noise in 
NTD silicon. R&D to bypass this in 
collaboration with industry (FAGOR 
semiconductors). 

● Much improved internal radiopurity w.r.t. SNS, 
advanced inner active LAr veto.

● Well-studied Quenching Factor down to 
threshold. 

80K CsI
read out by 1.7 cm2 LAAPD

(notice signal-to-noise at 82 eV)



Cryogenic (87 K) undoped CsI array:
● Natural evolution from CsI[Na] at SNS (same 

advantages of large s, similar Cs-I mass, low 
afterglow)

● Combine higher light yield (x2.5-3) and more 
efficient photosensors (x3 higher QE)

● Large mass increase to ~52 kg (seven 7x7x35 
cm crystals)

● LAAPDs with >80% QE provide a measured    
< 55 eVee threshold in inorganic scintillator (!). 
Presently limited by charge-trapping noise in 
NTD silicon. R&D to bypass this in 
collaboration with industry (FAGOR 
semiconductors). 

● Much improved internal radiopurity w.r.t. SNS, 
advanced inner active LAr veto.

● Well-studied Quenching Factor down to 
threshold. 

Attention paid
to Rb, Cs

(low-E emitters)CsI sample
screening

at SNOLAB

SICCAS low-background CsI selected:
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efficient photosensors (x3 higher QE)

● Large mass increase to ~52 kg (seven 7x7x35 
cm crystals)

● LAAPDs with >80% QE provide a measured    
< 55 eVee threshold in inorganic scintillator (!). 
Presently limited by charge-trapping noise in 
NTD silicon. R&D to bypass this in 
collaboration with industry (FAGOR 
semiconductors). 

● Much improved internal radiopurity w.r.t. SNS, 
advanced inner active LAr veto.

● Well-studied Quenching Factor down to 
threshold. 

CsILAr

DarkSide-20k
SiPM

LAAPDs

waveshifter
+reflector
coatings

LAr inner active veto (87 K)

20x20 cm low-field modules
~80 Hz dark rate @ 87 K

(single photon operation)
16 channel output

~55 cm L x ~40 cm D



Cryogenic (87 K) undoped CsI array:
● Natural evolution from CsI[Na] at SNS (same 

advantages of large s, similar Cs-I mass, low 
afterglow)

● Combine higher light yield (x2.5-3) and more 
efficient photosensors (x3 higher QE)

● Large mass increase to ~52 kg (seven 7x7x35 
cm crystals)

● LAAPDs with >80% QE provide a measured    
< 55 eVee threshold in inorganic scintillator (!). 
Presently limited by charge-trapping noise in 
NTD silicon. R&D to bypass this in 
collaboration with industry (FAGOR 
semiconductors). 

● Much improved internal radiopurity w.r.t. SNS, 
advanced inner active LAr veto.

● Well-studied Quenching Factor down to 
threshold. 

88YBe      Erec < 4.6 keV
124SbBe   Erec < 0.7 keV

(in preparation)

Sub-keV
nuclear recoils 
detected in CsIcryo CsI @ 

OSURR

model from our
previous room T CsI[Na] work

(PRD 100 (2019) 033003) 

Threshold limited only by 
charge trapping noise in NTD Si

(to be addressed)



Collaboration with industry (and 1st spin-offs):
RMD 46 cm2 LAAPD, ~4 photon threshold at 80K

~80% QE @ 340 nm even before AR coating…

very simple
structure…



Collaboration with industry (and 1st spin-offs):

LAAPD “reverse engineering” at CNM

charge trapping noise 
(nuisance, to be addressed w/ NTD -> PFZ Si)

17M/day Si power components
@FAGOR (45 min from DIPC) 

1st LAAPD production in progress



High-pressure noble gases (Ga𝜈ESS)

Same response…
Different systematics

● Profit from NEXT 0nbb technology (low 
background, high pressure)

● Room temperature operation

● 1-2 e- thresholds (~50 eVee) via EL
● ER/NR discrimination demonstrated
● Excellent energy resolution

● variety of nuclei -> Ar, Kr, Xe
● Complementarity CsI-Xe



Ga𝜈ESS’s gaseous prototype (GaP)

● opportunity to evaluate the technique in 
different conditions

○ multiple targets (Ar, Kr, Xe)

○ pressure up to 50 bar

● characterization of the low-energy 
response to nuclear recoils

○ quenching factor measurements

○ detection threshold

Currently characterizing ER signals with 
gaseous Ar at ~9.5 bar









~60cm
~4kg



arXiv:nucl-ex/0701012

Inner plastic scintillator
veto is highly effective
against beam-related
neutron backgrounds

P-type Point Contact (PPC) germanium detectors

60x60 cm footprint
Ideal for ESS corridor locationEntirely mature:

if ESS was producing n’s today
we would be measuring them already
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P-type Point Contact (PPC) germanium detectors

Dresden-II
PPC deployment

In the process of
reducing this
noise by ~×2,

accessing lower
NR energies

(better than Morris, IL)

Never-ending story
(more QF measurements)

1E5 NR below 700 eVnr, testing FIFRADINA libraries



Why is the Quenching Factor so important for CEnNS?



Hunting for non-intrusive detector locations

● steady-state backgrounds are subtractable (C-AC)
● prompt neutron leakage from target is main background 
● MCNP simulations completed (GEANT in progress)
● neutron camera for on-site measurements (remedial 

shielding in utility room)

mezzanine





Déjà vu all over again: 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



● Optimized for expected ESS neutron bckgs
● True 4p sensitivity (a novelty)
● Plastic scintillator with n/g discrimination
● Portable (of interest to other ESS users)
● Determine n flux and origin (remedial action)

ANN-based spatial 
projection

Neutron scatter camera ready for first POT



• We are ready to land and start running.

• Our requirements from the ESS are minimal (by design).

• The beginning of a long program, with many others to benefit.

Res ipsa loquitur:


