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keV MeV GeV TeV PeV

CE𝜈NS

Interaction with 
nuclei and 
electrons, 
minimally 
disruptive of 
the nucleus

Interaction with 
nucleons inside 

nuclei, often 
disruptive, 

hadroproduction

Deep Inelastic 
Scattering
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GF = Fermi coupling constant 
Z = atomic number of the nucleus 
N = neutron number of the nucleus  

E𝜈 = neutrino energy 
𝜃w = weak mixing angle 
Qw = weak charge

sin2 ✓W ⇠ 1
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q = three-momentum transfer 
R = nuclear radius 

d�SM

dER
(E⌫̄e) =

G2
F

8⇡
Q2

W

"
2� 2ER

E⌫̄e

+

✓
ER

E⌫̄e

◆2

� MER

E2
⌫̄e

#
M |F (q)|2

<latexit sha1_base64="rzy6ZDia1tnxh8P750k9JMKl4Ds="></latexit>

QW = N � (1� 4 sin2 ✓W )Z
<latexit sha1_base64="1ewqpBjddpK9biqUcyD9OZ4Tvyc=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SDEImE3BrQRgjZWkoB5YDYus5NJMmR2dpm5K4SQ2sZfsbFQxNYvsPNvnDwKTTxw4XDOvdx7jx8JrsG2v63E0vLK6lpyPbWxubW9k97dq+kwVpRVaShC1fCJZoJLVgUOgjUixUjgC1b3+1djv/7AlOahvIVBxFoB6Ure4ZSAkbz0YcWr4wt8g3M46+BcEbuay/uCCz0GxKuf3LleOmPn7QnwInFmJINmKHvpL7cd0jhgEqggWjcdO4LWkCjgVLBRyo01iwjtky5rGipJwHRrOHllhI+N0sadUJmSgCfq74khCbQeBL7pDAj09Lw3Fv/zmjF0zltDLqMYmKTTRZ1YYAjxOBfc5opREANDCFXc3IppjyhCwaSXMiE48y8vkloh75zmC5VipnQ5iyOJDtARyiIHnaESukZlVEUUPaJn9IrerCfrxXq3PqatCWs2s4/+wPr8ASp9l28=</latexit>

F(q) = form factor 
M = mass of the nucleus 

q =
p

2MEr
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	Predicted in 1974 by Freedman 

 Measured for the first time in 2017 by COHERENT 
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Large cross section... 

...but	hard	to	observe	due	to	tiny	nuclear	recoil	energies:

0

< Er >=
2

3

(E⌫/MeV)2

A
keV

 Energies below the typical detection threshold of conventional 
neutrino experiments 

 Now low threshold and background detectors available thanks 
to the efforts done for dark matter experiments. 

deposited  
energy
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Why  
CE𝜈NS?

Background for DM experiments

https://doi.org/10.1016/j.dark.2014.10.005
Phys. Rev. D 89, 023524 (2014)

Solar 
Neutrinos

Supernova Neutrinos
Atmospheric 

Neutrinos
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Fundamental neutrino interactions
	Precision	test	of	SM		
	Beyond	SM	physics	

Nuclear physics 
	Nuclear	form	factor	

‣	form	factor	suppresses	cross	section	at	large	three	
momentum	transfer	

‣	very	well	known,	<	~5%	uncertainty	on	event	rate		
	Neutron	distribution	radius	(Rn)	

What is
CE𝜈NS 

good for?
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Fundamental neutrino interactions
	Precision	test	of	SM		
	Beyond	SM	physics	

Nuclear physics 
	Nuclear	form	factor	
	Neutron	distribution	radius	(Rn)	

Supernova neutrinos
	Energy	transport	in	supernovae:	all	neutrino	flavors	
with	E	~	tens-of-MeV	
	To	detect	SN	neutrinos	(tonne-scale	DM	detectors)	

Reactor physics
	Reactor	fluxes	&	monitoring	(below	IBD	threshold)		
	Application	for	non-proliferation	

What is
CE𝜈NS 

good for?
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for CE𝜈NS

Neutrino 
Sources

Requirements:
High flux
Neutrino production well understood
Low background rates
Multiple flavors
etc
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Pion-decay-at-rest	neutrino	source:		
neutrinos	are	produced	from	the	decay	of	pions	
and	muons

 intermediate neutrino energies (~ 30 MeV) 
 slightly incoherent  
 pulsed beam for background rejection

‣ Stopped-pion beams



for CE𝜈NS

Neutrino 
Sources

Requirements:
High flux
Neutrino production well understood
Low background rates
Multiple flavors
etc
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‣ Nuclear reactors

Neutrinos	are	produced	in	beta	decays	of	fission	
fragments

 high flux ~ 1020 𝜈/s (power reactors) 

 Intense @ MeV energies (up to 10 MeV) 
 Clean in background, active and passive shielding



Coherent CAPTAIN-Mills 
(CCM)

LANSCE Lujan

Experiments

Nuclear reactors

Stopped-pion beams 

2023

vIOLETA

GaNESS

Future/Planned

NCC-1701
RED-100

CHILLAX

SBC

CEvNS experiments



Stopped-pion beam 
experiments



Stopped-
pion beam 

experiments

COHERENT Experiment – SNS

	Spallation	Neutron	Source	–	1	GeV	proton	beam	

	Pion-decay-at-rest	neutrino	source	

	prompt	monochromatic	~	30	MeV	

	Pulsed	beam	@	60Hz	for	background	rejection	(factor	~	104)	

	Multi-target	program	to	measure	N2	dependence

19



Stopped-
pion beam 

experiments

COHERENT CsI

	2017	First	CE𝜈NS	detection	

	14.6	kg	CsI	scintillating	cristal	

	19.3	m	from	the	source	

	134	±	22	events	observed	(173	±	48	predicted)	
	6.7σ	significance

M. Green @ Magnificent CEvNS 2019
20



Stopped-
pion beam 

experiments

COHERENT CsI 2020
	2020	More	statistics!	+2x	

	Better	signal	reconstruction		

	306	±	20	events	observed	(333	±	11	(th)	±	42	(ex)	predicted)	

	No	CE𝜈NS	rejection:	11.6σ	

	Result	consistent	with	SM	prediction	at	1σ	

	Flux	uncertainty	dominates	the	systematic	uncertainties	!"#$%

D. Pershey @ Magnificent CEvNS 2020

21
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niel	Per
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New	results
	from	COHEREN
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Stopped-
pion beam 

experiments

COHERENT in Argon

COHERENT, Phys. Rev. Lett. 126, 012002 (2021)

	2020	first	results	with	he	CENNS-10	detector	

	Active	mass	24	kg	at	27.5	m	from	the	source		

	Single	phase	only	(scintillation)	with	a	threshold	at	20	keVnr	

	2	independent	blind	analyses	

	3σ	CE𝜈NS	detection	significance

Cross section = (2.3 ± 0.7 )10-39 cm2

22



Stopped-
pion beam 

experiments

COHERENT in Argon

First confirmation of SM prediction of N2 dependence !

J. Newby  @ Neutrino2020

	2020	first	results	with	he	CENNS-10	detector	

	Active	mass	24	kg	at	27.5	m	from	the	source		

	Single	phase	only	(scintillation)	with	a	threshold	at	20	keVnr	

	2	independent	blind	analyses	

	3σ	CE𝜈NS	detection	significance
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Stopped-
pion beam 

experiments

Ongoing and new experiments

European Spallation Source

Gaseous	detector	for	Neutrino	
physics	at	the	ESS	(GaNESS)	

Other	proposed	projects	
ex:	JHEP	2020,123	(2020);		
arXiv:1911.00762	

 Coherent	CAPTAIN-Mills	(CCM) 

‣ 10-ton	liquid	Argon	detector	
‣ Energy	threshold	~	50	keV	
‣ To	be	improved	to	20-30	keV	

by	LAr	purification	
‣ Data	taking	since	2021	

Lujan Center @ LANSCE

24



Nuclear Reactor 
experiments

Silicon		
Charge	Coupled	Devices	(CCDs)



Nuclear 
reactors

Angra 2 nuclear power 
plant in Brazil

CONNIE, PRD 100, 092005 (2019)

	Experiment	@	30	m	from	the	3.9	GW	reactor	core	

	Reactor-OFF	periods	(~1/14	months)	for	background	measurements		

	Flux:			

	14	CCDs	of	6	g	each		

	Passive	shield	(Lead	+	polyethylene)	

	Energy	threshold	~	50-70	eVee

⇠ 1012 ⌫̄e cm�2 s�1
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Reactor ON - Reactor OFF

4k

4k

COherent	Neutrino-Nucleus	Interaction	Experiment

CONNIE



Nuclear 
reactors

CONNIE – 2016-2018
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Reactor ON - Reactor OFF
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01
9) 	Active	mass	47.6	g.		

	Reactor	ON	(2.1	kg-day)	vs					
	Reactor	OFF	(1.6	kg-day).		

	Event	rates	in	the	lowest-energy		
	bin	yield	limits	on	non-standard		
	neutrino	interactions		

		 First	competitive	BSM	constraints	from	CEνNS	at	reactors	

Light scalar (φ) mediatorLight vector (Z’) mediator
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6F	Dira
c,	DT06
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Nuclear 
reactors

CONNIE – 2019
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4k

4k

	1x5	pixel	hardware	re-binning	to	improve	acceptance	and		
	selection	efficiency	at	low	energy		

‣	Full	efficiency	reached	at	100-150	eV	
	Low-energy	background	reduction			

‣	3	times	lower	image	exposure	to	reduce	the	single	electron	rate	
‣	Improved	size-depth	calibration		
	(Large	low-energy	events	and	partial-charge-collection	layer)	

	Blind	analysis	and	multiple	cross-checks

CONNIE, JHEP 05, 017 (2020) 

Reactor ON - Reactor OFF



Nuclear 
reactors

CONNIE – 2019
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4k

4k

	Rate	difference	at	low	energies	yields	upper	limits	at	
95%	CL	on	the	measured	neutrino	rate	

CONNIE, JHEP 05, 017 (2020) 

	Results	compatible	with	previous	analysis	

‣	Expected	limit	in	in	the	lowest-energy	bin	~35	times	the	
	SM	prediction	(agains	~	65	times	in	previous	analysis)

6F	Dira
c,	DT06

-556



Nuclear 
reactors

CONNIE – Skipper-CCDs 

30

	Skipper-CCD	technology	
‣	Allow	multiple	non-destructive	charge	measurements	of	each	pixel	
‣	Significant	readout	noise	reduction	reaching	single-electron		
	resolution!	

	Reduce	detection	threshold		
	Improve	efficiency	at	low	energy	

	Skipper-CCDs	@	CONNIE	since	July	2021	
‣	2	skipper-CCDs	(1022	x	682	pixel	each)	
‣	new	Low	Threshold	Acquisition	(LTA)	readout		
	electronics	
‣	Data	taking	in	ongoing	

	Readout	noise:	~0.15e-	RMS		
	Single	electron	rate:	~	0.05	e-/pix/day		

PRL 119 (2017)



Nuclear 
reactors

CONNIE – Skipper-CCDs 

31
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Energy (keVee)

	Background	and	efficiency

	Considering	4	kdru	of	background	and	
a	future	detector	of	1	kg	at	the	
CONNIE	site,	it	should	run	for	9	days	
(if	Lindhard)	or	2	months	(Chavarria)	
to	observe	CEvNS	at	90%	C.L.		

‣	Energy	threshold	15	eV	
‣	CEvNS	rate	increase			
	2.2	times	compared	to		
	CONNIE	2019	run

6F	Dira
c,	DT06

-556



Nuclear 
reactors

Skipper-CCD @ Atucha
	1	skipper-CCD	~	0.68	g	

‣ 	6144	x	1024	pixels	of	15	µm	size	
‣ 	675	µm	width	
	Detector	threshold	~15	eV	
	Installed	at	12	m	of	a	2GW	nuclear	reactors	
	Flux:		

Atucha II plant 
in Argentina

G. Fernandez-Moroni, et al, arXiv:2107.00168
32
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Single	electron	resolution

Detector	image	@	Atucha

	Readout	noise	0.17e-		
	Horizontal	binning	of	
10	columns

7F	Dira
c,	DT06

-399



Nuclear Reactor 
experiments

P-type	High	Purity	Germanium



Brokdorf nuclear power 
plant in Germany

17 m

Nuclear 
reactors

CONUS
	Experiment	@	17	m	from	the	3.9	GW	reactor	core	

	24	m.w.e	overburden,	muon	reduction	~	3.5	times	

	Flux:			

	Four	1kg-HPGe	detectors	(low-background	crystals)	

	Passive	and	active	shield	(104	fold	suppression)	

	Lead	+	polyethylene	

	Active	muon-veto	(plastic	scintillators)	

	Energy	threshold	~	>200	eVee	(full	efficiency)

2 · 1013 ⌫̄e cm�2 s�1
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J. Hakenmüller @ Magnificent CEvNS 202034
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,	MT05-20
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Nuclear 
reactors

CONUS

Measurement spectra

	Best	limit	on	CE𝜈NS	in	the	fully	coherent	
regime	as	a	function	of	the	quenching	factor	
parameter	k	

	Quenching	factor:	k	=	0.162	±	0.004	

k < 0.27 desfavorece by data

CONUS, PRL 126, 041804 (2021)
35 J. Hakenmüller @ Magnificent CEvNS 2020

7F	Majorana
,	MT05-20
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Nuclear 
reactors

CONUS

	Constrains	on	neutrino	physics	beyond	SM	

	First	limits	on	neutrino	electromagnetic	properties	

	Background	measurements	(2022)	

	20%	reduction	of	the	background	@	sub-keV	

‣	PSD	(pulse	shape	discrimination)	that	selects	events	via	
	shape	of	readout	pulse	

CO
NU

S,
 J

HE
P 

05
, 0

85
 (

20
22

)

36 J. Hakenmüller @ Magnificent CEvNS 2020
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Nuclear 
reactors

nuGeN
	1.5	kg	HPGe	detector		

	~	10-11	m	of	the	3.1	GW	reactor	core	(distance	can	change)	

	Flux:	

	Reactor-OFF	periods	(~2/18	months)	for	background	measurements	

	Overburden	~	50	m.w.e	

	Passive	and	active	shield	

	Copper	+	B-polyethylene	+	lead	+	B-polyethylene	
	Active	muon-veto	

Kalinin Nuclear Power 
Plant in Rusia

5 · 1013 ⌫̄e cm�2 s�1
<latexit sha1_base64="yYfjADms8jWz0S2V/0OGYtUFZyc=">AAACIXicbVBNSwMxEM3Wr1q/qh69BIvgxbLbKnoUvXisYKvQbUs2nWpoNrsks2JZ1p/ixb/ixYMivYl/xrRW0OqDwJv3ZpjMC2IpDLruu5ObmZ2bX8gvFpaWV1bXiusbDRMlmkOdRzLSVwEzIIWCOgqUcBVrYGEg4TLon478y1vQRkTqAgcxtEJ2rURPcIZW6hSPDqjPuxFSz22nXjW79wOmU18lHbAc4Q5THmbtdK/yXZpR5WWdYsktu2PQv8SbkBKZoNYpDv1uxJMQFHLJjGl6boytlGkUXEJW8BMDMeN9dg1NSxULwbTS8YUZ3bFKl/YibZ9COlZ/TqQsNGYQBrYzZHhjpr2R+J/XTLB31EqFihMExb8W9RJJMaKjuGhXaOAoB5YwroX9K+U3TDOONtSCDcGbPvkvaVTKXrVcOd8vHZ9M4siTLbJNdolHDskxOSM1UiecPJAn8kJenUfn2Xlzhl+tOWcys0l+wfn4BGkOpFk=</latexit>

No signal excess 
observed
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Nuclear 
reactors

CE𝜈NS @ Dresden-II
	3	kg	of	P-type	point	contact	(PPC)	Ge	detector	

	Located	@	8	m	of	2.96	GW	(BWR)	boiling	water	reactor		

	Flux:	

	Detector	threshold:	0.2	keVee		

	Passive	(lead	+	cadmium	sheet)	and	active	(scintillator)	shield

J. Colaresi, et al, arXiv:2108.02880 

8.1 · 1013 ⌫̄e cm�2 s�1
<latexit sha1_base64="Nvgfxh/+lQ9GnPmSARnGPtd3/rw=">AAACI3icbVDLSgMxFM34tr6qLt0Ei+DGMmkFi6uiG5cK1gqdWjLprQYzmSG5I5Zh/BY3/oobF4q4ceG/mD4EXwcC555zLzf3hImSFn3/3ZuYnJqemZ2bLywsLi2vFFfXzmycGgENEavYnIfcgpIaGihRwXligEehgmZ4fTjwmzdgrIz1KfYTaEf8UsueFByd1Cnu18qMBqIbI2X+Rcaq+V0QcpMFOu2A4wi3mIkov8h2Kl+lHVQs7xRLftkfgv4lbExKZIzjTvE16MYijUCjUNzaFvMTbGfcoBQK8kKQWki4uOaX0HJU8whsOxvemNMtp3RpLzbuaaRD9ftExiNr+1HoOiOOV/a3NxD/81op9mrtTOokRdBitKiXKooxHQRGu9KAQNV3hAsj3V+puOKGC3SxFlwI7PfJf8lZpcyq5crJbql+MI5jjmyQTbJNGNkjdXJEjkmDCHJPHskzefEevCfv1XsbtU5445l18gPexydeNaTP</latexit>

Dominant background: epithermal neutrons

Best-fit epithermal neutron background 
(model) 

Lower background and threshold needed !! 
38



Nuclear Reactor 
experiments

Noble	Element	Detectors



Nuclear 
reactors

RED100
	Two-phase	Xe	emission	detector	~	100	kg	

‣	sensitive	to	single	ionization	electrons	(SE)	
	19	m	of	the	3.1	GW	reactor	core	

	160	kg	detector	with	passive	shield		

‣	building	&	infrastructure	for	muons	
‣	water	tank	for	neutrons		
‣	5	cm	of	Cu	for	gamma	
	Veto	after	muon	or	gamma	signal

40

Kalinin Nuclear Power 
Plant in Rusia

	Data	until:	March	2022	

	CEvNS:	3-6	SE	region	

	Analysis	in	progress	

	Preliminary:	No	reactor	
correlated	background	

	Multi-electron	events	(ME)	are	the	main		
	instrumental	background	of	a	two-phase	emission	detector

6F	Dira
c,	DT06
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7F	Dira
c,	DT06
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Nuclear 
reactors

NUXE
	Single-Electron	Sensitive	Liquid	Xenon	Detector	

‣	Produce:	prompt	scintillation	&	delayed	ionization	
	Ionization-only:	single	electron	sensitive	

‣	Nuclear	recoil	threshold	~300	eV		
	Detector	system	under	construction	at	UCSD	

‣	R&D	efforts	to	reduce	the	single-and-few	electrons	background		
	Background	estimation	based	on	Xenon10/Xenon100	

‣	10-kg	active	LXe	detector	is	expected	to	achieve	5𝜎	CEvNS	detector	

41

Neutrino	Detection	with	Xenon



Nuclear Reactor 
experiments

Bolometers



Nuclear 
reactors

NUCLEUS

Chooz–B plant 
in France

	g-scale	CaWO4	(CEvNS)	and	Al2O3	(Bkg)	crystals	@	mK	temperatures		
	2	arrays	of	3	x	3	cryogenic	crystals	(gram	scale)	

	Detector	threshold	~	20	eV	
	Target	background	100	events/kg/day/keV	
	102	m	&	72	m	of	2	reactors	of	the	Chooz-B	plant	of	4.25	GW	each	
	Flux:	1.7 · 1012 ⌫̄e cm�2s�1

<latexit sha1_base64="RJbw+PVDbry42Ed1BZDXHRbaoxQ=">AAACIHicbVBNSwMxEM36bf2qevQSLIIXy6YK9Sh68ahgtdCtJZtO22A2uySzYlnWf+LFv+LFgyJ6019j+nFQ64PAm/dmmMwLEyUt+v6nNzU9Mzs3v7BYWFpeWV0rrm9c2jg1AmoiVrGph9yCkhpqKFFBPTHAo1DBVXhzMvCvbsFYGesL7CfQjHhXy44UHJ3UKlZZuUoD0Y6RMv86Y5X8Pgi5CXTagvsA4Q4zEeXX2V4lH1V2ULC8VSz5ZX8IOknYmJTIGGet4kfQjkUagUahuLUN5ifYzLhBKRTkhSC1kHBxw7vQcFTzCGwzGx6Y0x2ntGknNu5ppEP150TGI2v7Ueg6I449+9cbiP95jRQ7h81M6iRF0GK0qJMqijEdpEXb0oBA1XeECyPdX6noccMFukwLLgT29+RJclkps/1y5fygdHQ8jmOBbJFtsksYqZIjckrOSI0I8kCeyAt59R69Z+/Nex+1TnnjmU3yC97XN27Vozk=</latexit>
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6F	Dira
c,	DT06

-166	

7F	Dira
c,	DT06

-738

	Multi-layer	passive	shield	+	active	vetos	
	Muon	veto	with	plastic	scintillators	
	20	cm	5%-borated	polyethylene	
	4	cm	boron	carbide	
	Cryogenic	outer	veto	(COV)	–	HPGe	crystals	(4	kg)

	NUCLEUS	10	g	5σ	observation	of	CEvNS	in	<	1	year



Nuclear 
reactors

Ricochet

	Cryogenic	phonon	detectors	with	an	energy	threshold	<	100	eV	
	Neutron-Transmutation-Doped	(NTD)	thermistors	
	Transition-Edge	Sensors	(TES)	

	8	m	of	the	58.3	MW	ILL	reactor	core	@	Grenoble,	France	
	15	m.w.e	of	overburden,	muon	reduction	2-3	times	
	Flux:	
	Cycles	of	50	days	with	time	for	background	characterization	

1.2⇥ 1012 ⌫̄ecm
�2s�1

<latexit sha1_base64="6ocE9uslklUKx0efr/b/mrF4Z3Q="></latexit>
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Nuclear Reactor 
experiments

Crystal	Scintillator	Detectors



Nuclear 
reactors

NeON
	Neutrino	Elastic-scattering	Observation	with	NaI	
	Detector	threshold	<	0.3	keV	
	13.5	kg	(comercial	detectors:	3x	1.6	kg	&	3x	3.4	kg)		
	Located	@	23.7	m	of	a	2.8	GW	nuclear	reactor	
	Flux:	
	Passive	shield	(polyethylene,	B-polyethylene	and	lead)		
	Active	shield	(liquid	scintillator)

7.1 · 1012 ⌫̄e cm�2s�1
<latexit sha1_base64="DIuohor/axpgiJSRx6bILnaIecY=">AAACIHicbVBNSwMxEM36bf2qevQSLIIXy6YK9Sh68ahgtdCtJZtO22A2uySzYlnWf+LFv+LFgyJ6019j+nFQ64PAm/dmmMwLEyUt+v6nNzU9Mzs3v7BYWFpeWV0rrm9c2jg1AmoiVrGph9yCkhpqKFFBPTHAo1DBVXhzMvCvbsFYGesL7CfQjHhXy44UHJ3UKlarZUYD0Y6RMv86Y5X8Pgi5CXTagvsA4Q4zEeXX2V4lH1V2ULC8VSz5ZX8IOknYmJTIGGet4kfQjkUagUahuLUN5ifYzLhBKRTkhSC1kHBxw7vQcFTzCGwzGx6Y0x2ntGknNu5ppEP150TGI2v7Ueg6I449+9cbiP95jRQ7h81M6iRF0GK0qJMqijEdpEXb0oBA1XeECyPdX6noccMFukwLLgT29+RJclkps/1y5fygdHQ8jmOBbJFtsksYqZIjckrOSI0I8kCeyAt59R69Z+/Nex+1TnnjmU3yC97XN27hozk=</latexit>

arXiv:2204.06318

	Sensitivity:			

Background of ~ 7 dru (thanks to the veto) 

Light yield of 22 NPE/keV 

Threshold 5 NPE (200 eV)
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plant in Korea



Nuclear 
reactors

NeON
	Neutrino	Elastic-scattering	Observation	with	NaI	
	Detector	threshold	<	0.3	keV	
	13.5	kg	(comercial	detectors:	3x	1.6	kg	&	3x	3.4	kg)		
	Located	@	23.7	m	of	a	2.8	GW	nuclear	reactor	
	Flux:	
	Passive	shield	(polyethylene,	B-polyethylene	and	lead)		
	Active	shield	(liquid	scintillator)

7.1 · 1012 ⌫̄e cm�2s�1
<latexit sha1_base64="DIuohor/axpgiJSRx6bILnaIecY=">AAACIHicbVBNSwMxEM36bf2qevQSLIIXy6YK9Sh68ahgtdCtJZtO22A2uySzYlnWf+LFv+LFgyJ6019j+nFQ64PAm/dmmMwLEyUt+v6nNzU9Mzs3v7BYWFpeWV0rrm9c2jg1AmoiVrGph9yCkhpqKFFBPTHAo1DBVXhzMvCvbsFYGesL7CfQjHhXy44UHJ3UKlarZUYD0Y6RMv86Y5X8Pgi5CXTagvsA4Q4zEeXX2V4lH1V2ULC8VSz5ZX8IOknYmJTIGGet4kfQjkUagUahuLUN5ifYzLhBKRTkhSC1kHBxw7vQcFTzCGwzGx6Y0x2ntGknNu5ppEP150TGI2v7Ueg6I449+9cbiP95jRQ7h81M6iRF0GK0qJMqijEdpEXb0oBA1XeECyPdX6noccMFukwLLgT29+RJclkps/1y5fygdHQ8jmOBbJFtsksYqZIjckrOSI0I8kCeyAt59R69Z+/Nex+1TnnjmU3yC97XN27hozk=</latexit>

arXiv:2204.06318

   CEvNS	detection	significance	4	±	1	σ	 

‣ Background of ~ 7 dru (thanks to the veto) 

‣ Light yield of 22 NPE/keV 

‣ Threshold 5 NPE (200 eV) 

‣ 1 year Reactor ON data 

‣ 100 days Reactor OFF data

47

 Phase-2	

‣	New	encapsulation

April 2022
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Nuclear Reactor 
experiments

Color	Center	Passive	Detectors



Nuclear 
reactors

PALEOCCENE
	Room-temperature,	passive	and	robust	detectors	

‣	gram-kilogram	range	detectors	
	Nuclear	recoils	result	in	damage	to	the	crystal	lattice	
	and	some	of	these	damage	sites	can	become	optically	active	

‣	Few	tens	of	eV		
‣	Optical	detection	of	the	fluorescence	of	single	color	centers	
	R&D	efforts	to	investigate	the	feasibility	of	this	concept	

	CEvNS	detection	at	30	of	a	3	GW	nuclear	reactor	during	1	year

49

PAssive	Low	Energy	Optical	Color	CEnter	Nuclear	rEcoil

CaF2 crystal with different radiation doses

CaF2 crystal irradiated by AmBe source

3F	Majorana
,	MT16-226



Coherent CAPTAIN-Mills 
(CCM)

LANSCE Lujan

Experiments

Nuclear reactors

Stopped-pion beams 

2023

vIOLETA

GaNESS

Future/Planned

NCC-1701
RED-100

CHILLAX

SBC

CEvNS experiments



Summary CE𝜈NS: very active field

Exciting moment: new results from different 
experiments and new techniques expected soon 

New facilities and next generation experiments 
being designed

Synergy between experiments and theory

It’s	just	the	beginning....		
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Thank you !!
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