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On August 3 2017 the COHERENT collaboration 
reported on the 1st observation of CEνNS at SNS

Printed version:
Science
Vol. 357,15 Sep. 2017, p. 1123

Electronic version:
Science
10.1126/science.aao0990 (2017) 
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Coherent elastic neutrino-nucleus 
scattering (CEνNS):

InIn 1971974,4, the idea of coherencythe idea of coherency: 
D.Z. Freedman, Coherent effects of a weak neutral current, Phys. 
Rev. D 9 (1974) 1389.

Eν ≤ 50 MeV
The process has not been observed experimentally until this year because 
of the very low energy transfer (keV- and sub keV energy deposition)

'' AA +→+ νν

InIn 19731973,, a neutral current has been a neutral current has been 
observed in a neutrino interactionobserved in a neutrino interaction::
Observation of neutrino-like interactions
without muon or electron in the Gargamelle
neutrino experiment. Phys. Lett. B 46, 
138–140 (1973). 

Soon after thatSoon after that
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mA – mass of nucleus with atomic number A, 
TA – nuclear recoil kinetic energy, 
Eν – neutrino energy, 
Z – number of protons, 
N – number of neutrons,
F(q2) – nuclear formfactor,

θw – Weinberg angle, sin2θw≈0.22; (1 - 4sin2θw) = ο(1) →σ ~ N2

CEνNS is a DOMINANT channel of neutrino-substance 
interaction at low energies

σ ≈ 0.4 10 -44 N2 Eν
2 см2

averaged over energy spectrum of reactor antineutrinos (0 – 10 MeV):
for Xe nucleus: <σ> ≈ 7·10-41 cm2

for inverse beta decay on proton: <σ> ≈ 1·10-43 cm2

Cross section

nep +→+ +ν~



6

3 common types of low-energy neutrino interaction 
with atomic substance

Neutrino-electron elastic scattering Inverse beta decay

Coherent elastic neutrino-
nucleus scattering (CEνNS)

11 22

33

Images from J.M. Link

Science Vol 357, p. 1098
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Coherent scattering significantly 
affects supernova dynamics

99% of gravitational 
binding energy goes to ν!

““NonNon--standardstandard”” physicsphysics

Ge, μB=10-10

Monitoring of nuclear reactorsMonitoring of nuclear reactors

Motivation of experiments
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CEvNS is irreducible background floor for DM experiments
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The 1st experimental proposal on CEνNS detection

- in a superconducting colloidal system, there are small (micron-size) metastable 
superconducting granules;

- the detector is placed in a magnetic field, and the temperature of the detector is 

tuned so that even with very little energy deposition by a nuclear recoil some of 
the granules lose their superconductivity;

- this leads to the measurable change of magnetic field that gives information 

about the deposited energy in the detector.

The idea of a detectorThe idea of a detector
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1st experimental proposal on WIMP detection

The idea was not realised too.

However, it stimulated the new experimental direction of low-threshold low-
background detectors to search for DM.
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GeGe detectors: detectors: CoGeNTCoGeNT (USA),(USA), TEXONO TEXONO (Taiwan),(Taiwan),

ννGen, CONUS,Gen, CONUS, ……
CONNIE (CONNIE (BrazilBrazil),), MINER, RICOCHETMINER, RICOCHET

Liq. noble gases:Liq. noble gases: LAr Livermore, LXe ITEP&INR, 

LXe ZEPLIN-III, RED-100

ISIS: LXe ZEPLIN-III

Fermilab BNB: CENNS

SNS: LAr - CLEAR,

COHERENT (LXe, LAr-CENNS-10, 

Ge,CsI(Na), NaI)

Reactor:

π decay at rest:

Experiments & projects
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ν sources: reactor or π decay at rest source?

νe

Reactor –
antineutrino 
source

πDAR - νμ,νμ,νe source

Capture

p

A

π -

π+

μ+

νμ

νe

νμ

e+

~ 1 GeV

Fragments

Fragments

τ ≈ 26 ns

τ ≈ 2200 ns

~ 99%

~ 6·1020 s-1

Φν is by a factor of >106 lower, but σ is by > 102 higher

Φν @19m 
~ 1.3·1013 cm-2s-1

νν energy spectraenergy spectra

a.
u

XeXe and and ArAr n.rn.r. . 
spectraspectra L = 40 m
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T, milliseconds
νμ

νμ,,νe       τ=2.2μs~beam

Tb Tobs

Reactor or π decay at rest source?
Pulsed beam of an accelerator is an essential factor of backgrouPulsed beam of an accelerator is an essential factor of background reduction!nd reduction!

Duty factor = Duty factor = TTobsobs/T /T ~~ 1010--11 ÷÷ 1010--55

US (planned)DAE_ALUS 

Sweden (planned) ESS 

China (planned) CSNS 

Japan (J-PARC) MLF 

US (ORNL) SNS 

US (FNAL) BNB 

UK (RAL) ISIS 

US (LANL) LAMPF 

♦♦ -- T/TT/Tbb
++ -- T/T/TTobsobs with Twith Tobsobs~2 ~2 μμss
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GeGe detectors:detectors: CoGeNTCoGeNT (USA),(USA), TEXONOTEXONO (Taiwan)(Taiwan)
Can operate with a very low threshold (below 1 keV)!point contactpoint contact

(PPC) (PPC) GeGe detector:detector:

CoGeNT - San Onofre
Nuclear Power Reactor, USA

Both detectors were used in DM search experiments:Both detectors were used in DM search experiments:
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Kalinin NPP, Russia

point contact Ge
detectors

400 g each

Background index < 1 event/kg/day in <1 keV range
Energy threshold ~ 350 eV. 

10 ÷ 12 m

10 ÷ 12 m

~70 m.w.e.
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Brokdorf NPP, Germany
CONUS 
Max Plank Institute

Background index < 1 event/kg/day (45-50 keV)

Signal/bckg:
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Noble gas detectors
1st proposal (in 2004); LAr detector
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ИТЭФ&ИЯФ
LXe:
JINST 4 (2009) JINST 4 (2009) 
P06010P06010
[[arXiv:0903.4821arXiv:0903.4821]]

ZEPLIN-III Collaboration LXe:
JHEP 1112 (2011) 115JHEP 1112 (2011) 115
[[arXiv:1110.3056arXiv:1110.3056].].

ZEPLIN-II (LXe)
arXiv:0708.0768
Astropart.Phys. 30 
(2008) 54

~10 phe

ITEP two-phase LXe
prototype
Phys. Atom. Nucl. 72 
(2009), #4, 653

15 15 phephe

ZEPLIN-III (LXe)
arXiv:1110.3056
JHEP 1112 
(2011) 115

~30 phe

Проекты по
регистраци
и CEνNS:

Projects with LXe
were followed after demonstration of the possibility of detection of single ionization electrons (SE)
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19 m

19 м from core

KNPP vert.KNPP 60° - 70°

KNPP, Udomlya

Neutron fluxNeutron flux

The building and the reactor is a The building and the reactor is a 
good shield from cosmic raysgood shield from cosmic rays

Φν @19m ~ 1.3·1013 cm-2s-1 γ and n shield:
10 ÷ 15 cm Pb + 

~15 cm H2O

1 SE 2 SE 3 SE

RED-100 detector; Kalinin NPP

s/bcg~1/1
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The RED-100: the laboratory tests 
are under way in MEPhI

LN2 Dewar

Xe storage
electronics

Ti cryostat

break-out-box

Thermosyphon 
control

purification

RED-100 detector

Titanium 
cryostat

Top PMT 
array

19 PMTs
Hamamatsu 
R11410-20

Bottom PMT 
array

19 PMTs
Hamamatsu 
R11410-20

Electrodes
&
field shaping rings

Sensitive 
volume LXe S1S1

S2S2
e-

e-
e-

eν~

The sensitive volume ~ 45 cm in diam., 
~ 45 cm in height, is defined by the top 
and bottom optically transparent mesh 
electrodes and field-shaping rings.

RED-100 is a two-phase noble gas 
emission detector. 
Contains ~200 kg of LXe, ~100 kg in FV
(Fiducial Volume).
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CEνNS at SNS OakOak RidgeRidge NationalNational LabLab., USA., USA

CLEAR (2009)
Coherent Low Energy A (Nuclear) 
Recoils
arXiv:0910.1989

LOI: JINST 8 (2013) P10023
e-Print: arXiv:1212.1938

~ 40 m from the target; ~ 
10 m underground

InterfaceLN Dewar

REDRED--100100

Spallation neutron Spallation neutron 
source (SNS, source (SNS, OakOak
RidgeRidge NationalNational
LabLab., USA)., USA)

Kalinin Nuclear Kalinin Nuclear 
Power Plant, Power Plant, 
UdomlyaUdomlya, RF, RF
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LXeLXe –– REDRED--100100

GeGe –– Majorana detectorsMajorana detectors

CsI(NaCsI(Na) crystals () crystals (CsICsI and and XeXe
targets has close neutron targets has close neutron 
numbersnumbers) ) 

COHERENT collaboration

The goal is The goal is the the 
discoverydiscovery of CEof CEννNS NS 
using three different using three different 
detection techniques detection techniques 
at SNS:at SNS:

Established in Mar 2014 21 institutions 21 institutions 
and and 
universities:universities:

18 18 –– USAUSA

2 2 –– RFRF

1 1 -- KoreaKorea

Initial detector Initial detector 
set:set:

"Neutrino alley"

Basement 8 m.w.e.

Cosmic n-bckg suppression

20 m of concrete and gravel

Dramatic suppression 
of neutrons from target

A. Kumpan talk, Oct. 3, morning session      CENNS-10
A. Konovalov talk, Oct. 3, evening session   CsI(NaI)

Details of CEνNS observation with CsI(NaI)

Φν == 4.34.3∙∙101077 cmcm--22ss--11 at 20mat 20m
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"Neutrino alley“ life status

n-background 
measurements:

Neutron Scatter Camera
2 arrays of Lscint

SciBath
Lscint + fiber readout

Nubes - NIN cubes
NIN (neutrino induced n)
Lscint inside the moderator

With Liquid Sc.
inside CsI shield

NINs

prompt n
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Obtained 134+/-22 Predicted 173+/-48

Neutrino signal in CsI[Na] detector

Predicted: prompt   n, νμ
delayed νμ,νe (τ = 2.2μs) 

HDPE

Low bckg
Pb

Muon veto

Water

Pb

Al frame

CsI[Na]   14.5 kg

More details in A. Konovalov talk

2D profile maximum likelihood fit

6.7σ



25

CONLUSION

1. The CEνNS process has been observed first time at SNS at a 
confidence level of 6.7σ with the use of CsI[Na] detector

2. Experiments with detectors of other types (Ge, LAr) are about 
to obtain the results


