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Experimental Summary
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Coherent Elastic 𝝼-Nucleus Scattering

2

No flavor-specific terms!!!

Same rate for νe, νμ, and ντ
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Neutrino Sources: the Sun & other cosmic sources

• Probably need to do this underground…
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SNS

Reactors

EC
SNS:

νμ
νμ
νe

Reactors: ILL reactor
(55 MW)
HFIR reactor
(85 MW)
Chooz reactor
(1.5 GW)

EC Sources:
37Ar (5 MCi)
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Energy Thresholds Needed for mono-energetic Neutrinos
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6



Enectali Figueroa-Feliciano \ Magnificent CEvNS \ Mar 2023

1 10 100 100010-50

10-48

10-46

10-44

10-42

10-40

10-38

10-12

10-10

10-8

10-6

10-4

10-2

Dark Matter Mass [GeV/c2]

Da
rk
M
at
te
r-
nu
cle

on
σ S

I
[c
m
2 ]

Da
rk
M
at
te
r-
nu
cle

on
σ S

I
[p
b]

LZ

CRESST-III

XENON1T

CEvNS Requires Dark Matter Sensitivity On the Surface!

6

8B

6

So
la

r

Sun (1au)



Enectali Figueroa-Feliciano \ Magnificent CEvNS \ Mar 2023

1 10 100 100010-50

10-48

10-46

10-44

10-42

10-40

10-38

10-12

10-10

10-8

10-6

10-4

10-2

Dark Matter Mass [GeV/c2]

Da
rk
M
at
te
r-
nu
cle

on
σ S

I
[c
m
2 ]

Da
rk
M
at
te
r-
nu
cle

on
σ S

I
[p
b]

LZ

CRESST-III

XENON1T

CEvNS Requires Dark Matter Sensitivity On the Surface!

6

8B

6

So
la

r

Sun (1au)

2.7

Chooz (400m)

ILL (8.8m)

KNPP (15m)

R
ea

ct
or



Enectali Figueroa-Feliciano \ Magnificent CEvNS \ Mar 2023

1 10 100 100010-50

10-48

10-46

10-44

10-42

10-40

10-38

10-12

10-10

10-8

10-6

10-4

10-2

Dark Matter Mass [GeV/c2]

Da
rk
M
at
te
r-
nu
cle

on
σ S

I
[c
m
2 ]

Da
rk
M
at
te
r-
nu
cle

on
σ S

I
[p
b]

LZ

CRESST-III

XENON1T

CEvNS Requires Dark Matter Sensitivity On the Surface!

6

50

D
AR

SNS (20m)

8B

6

So
la

r

Sun (1au)

2.7

Chooz (400m)

ILL (8.8m)

KNPP (15m)

R
ea

ct
or



Enectali Figueroa-Feliciano \ Magnificent CEvNS \ Mar 2023

Many CEvNS Efforts Worldwide [incomplete]
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Experiment Technology Location Source
COHERENT CsI, Ar, Ge, NaI USA πDAR

CCM Ar USA πDAR
ESS CsI, Si, Ge, Xe Sweden πDAR

BULLKID Si/Ge Italy Reactor
CONNIE Si CCDs Brazil Reactor
CONUS HPGe Germany Reactor
NEWS-G Ar+2%CH4 Canada Reactor
MINER Ge/Si cryogenic USA Reactor
NEON NaI(Tl) Korea Reactor

NUCLEUS CaWO4 , Al2O3 
cryogenic

Europe Reactor

νGEN Ge PPC Russia Reactor
RED-100 LXe dual phase Russia Reactor
Ricochet Ge, Zn, Al, Sn 

cryogenic
France Reactor

TEXONO p-PCGe Taiwan Reactor
Dresden II PCGe USA Reactor

SBC Scintillating 
Bubble Chamber

Fermilab 
(R&D)

Reactor

+DM detectors, +directional detectors +Solar/SN detectors…

many novel low-background, low-threshold technologies!!
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LAr NaI
Ge

CsI
NIN	cubes

Siting for deployment in SNS basement

 (measured neutron backgrounds low,

     ~ 8 mwe overburden)

View looking

down “Neutrino Alley”

Isotropic ν glow from Hg SNS target
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Time structure of the SNS source
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Prompt νµ from π decay in time 
with the proton pulse

Delayed anti-νµ, νe

on µ decay timescale

60 Hz pulsed 
source
 Background rejection 

factor ~few x 10-4  
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          Expected recoil energy distribution
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Lighter targets:

less rate per mass,

but kicked to 

higher energy
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Background-subtracted and

integrated over time

→ measure of the Q spectrum

First light at the SNS (stopped-pion neutrinos)

   with 14.6-kg CsI[Na] detector
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DOI: 10.5281/zenodo.1228631 

D. Akimov et al., Science,  2017

http://science.sciencemag.org/content/early/2017/08/02/

http://science.sciencemag.org/
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Remaining CsI[Na] dataset,

 with >2 x statistics

 + improved detector response understanding

 + improved analysis

arXiv: 2110.07730 

https://arxiv.org/abs/2110.07730
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Recoil spectral excess

COHERENT Liquid Argon CEvNS Results
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COHERENT CEvNS Detector Status and Farther Future
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\ Nuclear 
Target

Technology Mass
(kg)

Distance 
from 

source
(m)

Recoil 
threshold 

(keVr)

Data-taking start 
date

Future

CsI[Na] Scintillating 
crystal

14.6 19.3 6.5 9/2015 Decommissioned

Ge HPGe PPC 18 22 <few 2023 Funded by NSF MRI, 
in progress

LAr Single-phase 24 27.5 20 12/2016, upgraded
summer 2017

Expansion to
 750 kg scale 

NaI[Tl] Scintillating 
crystal

185*/
3388

25 13 *high-threshold 
deployment summer 
2016

Expansion to
3.3 tonne,  up to 9 
tonnes

+D2O for flux  
   normalization

+ concepts

   for other 

    targets...
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COHERENT Future Deployments @ SNS
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18 kg of Ge

750 kg of Ar
Cryogenic CsI

3300 kg of NaI
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CCM (Coherent CAPTAIN Mills)
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Spectrum (in DRU) from Reactor
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Ionization Measurements and Quenching

• Ionization 
measurements of 
CEvNS require 
lower thresholds to 
get the same rate 
due to the 
quenching factor


• The result depends 
heavily on the yield 
model you use!

20

Quenching

Lindhard

Note change in axis 
from previous plot!

Model: @ 8.8 m from the ILL (58 MW)
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Quenching Factor Questions

• Collar 2102.10089


• Measures up to 2.3 times higher 
yield at low energies for Germanium

21
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Quenching Factor Questions

• Collar 2102.10089


• Measures up to 2.3 times higher 
yield at low energies for Germanium
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Effect of Quenching on Ionization Measurements
• Ionization 

measurements of 
CEvNS require 
lower thresholds to 
get the same rate 
due to the 
quenching factor


• The result depends 
heavily on the yield 
model you use!


• NB: this figure 
assumes step 
function efficiency 
from threshold.
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Lindhard

Collar

Model: @ 10.39 m from the Dresden-II (2.96 GW)
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CEvNS search at Brokdorf nuclear power plant with CONUS

24

arXiv:2201.12257
2112.09585
2110.02174



Enectali Figueroa-Feliciano \ Magnificent CEvNS \ Mar 2023

CONUS and Dresden-II

25

Test NCC-1701 signal with CONUS data
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CONUS+

• Full background characterization of detector location:

• Gamma background with HPGe detector. Contribution over 2.7 

MeV → 25 times smaller than in KBR.      

• Neutron background measured with Bonner Sphere array. 

Neutron flux 30 times larger than in KBR. Correlated with thermal 
power.


• Cosmic muons measured with liquid scintillator detector. 4 times 
larger than in KBR → overburden on 6 m.w.e.


• Radon level 200 Bq/cm3 → radon filtering system for detector 
chamber flushing.   

26

• - CONUS shield modified 
to include additional 
second muon veto.


• - CONUS Ge detectors 
upgraded. Energy 
resolution and threshold 
improved.
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vGeN
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vGeN
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vGeN and Dresden-II
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Other Reactor Experiments
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RED-100 
Successful Data run with Xe 

Moving from Xe to Argon

CONNIE 
Moved to Skipper CCDs 

More CCDs to be installed (1kg) 
Move closer to reactor

NEON 
16.7 kg NaI(Tl)
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Other Reactor Experiments

31

NEWS-G3 
Spherical Proportional Counter 

Working on final design

TEXONO 
Looking for new site

BULLKID 
Si/Ge with MKIDS
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Other Reactor Experiments
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NEWS-G3 
Spherical Proportional Counter 

Working on final design

TEXONO 
Looking for new site

BULLKID 
Si/Ge with MKIDS
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Objective:

Quasi-background-free detection of sub-keV 
Nuclear Recoils


 
Signal:


Single bubble with little or no coincident 
scintillation


Backgrounds:

ER’s (beta, gamma): 

No bubbles


NR’s (fast neutron): 
Multiple bubbles 
Strong coincident scintillation

ν 
(NR)

γ 
(ER)

Piezo

IR	LED

VUV	SiPM

Depends	on	NR	threshold	
and	target	fluid:

• Freon-based	chambers 
ER-blind	@	~3	keV


• Liquid-noble	chambers 
ER-blind	@	<	500	eV, 
										(target	100	eV)

Other Experiments

32

see	arxiv:2207.12400

(Snowmass	whitepaper)

SBC 
Scintillating Bubble Chamber
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NUCLEUS
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NUCLEUS
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NUCLEUS
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Ricochet
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Ricochet
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Ricochet
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Conclusions
• COHERENT is leading the way with detections in CsI and 

Ar, physics impact already very strong.


• New upgrades in the COHERENT program plus other DAR 
sources will bring lots of new data in the coming years.


• Reactor experiments are getting very close, we will see 
several detections within a year or two(ish). 


• Tensions in quenching factor measurements continue, 
although Linhard seems to be the consensus down to at 
least 200 eVee.


• New technologies are being brought to bear, and we can 
look forward to future percent-precision measurements of 
CEvNS spectra.
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Postdoc 
Positions at 

Northwestern!


