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DANSS experiment
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Detector arrangement:

DANSS is installed on a movable platform under 3.1 GW WWER-1000 reactor

(Core: h=3.7m, =3.1m) at Kalinin NPP.

Detector distance from reactor core 10.9-12.9m (center to center) is changed

2-3 times a week

Total statistics accumulated is 6M IBD-

events in 6 years and 4 reactor off

periods

End of data 
collection in 

middle position
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Polystyrene 

based 

scintillator Y11 1.2mm ᴓ WLS fibers

PMT R7600U-300 

SiPM MPPC S12825-050C

Grooves with fibers

Gd containing 
coating 1.6 mg/cm2

0.35%wt

10 layers 

= 20 cm

X-Module

1 layer = 5 strips = 20 cm

Y-Module

PMT

100 

fibersPMT
100 fibers

• 2500 scintillator strips with Gd
containing coating for neutron capture

• Light collection with 3 WLS fibers

• Central fiber read out with individual 
SiPM

• Side fibers from 50 strips make a bunch 
of 100 on a PMT cathode = Module

• Two-coordinate detector with fine 

segmentation – spatial information

• Multilayer closed passive shielding: 

electrolytic copper frame ~5 cm, 

borated polyethylene 8 cm, lead 5 cm, 

borated polyethylene 8 cm

• 2-layer active μ-veto on 5 sides

DANSS Detector design 

SiPMs

JINST 11(2016)no11,P11011
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Calibration

MC smeared
12%/√E ⨁ 6%

Module response
to vertical muons
(PMT only) 

ΔE=-1.6%

ΔE=-0.2%

H(n,γ)

Gd(n,γ) Fifrelin
cascades

ΔE=+0.2%

12B(µ12C) 12B(n12C)

2500 SiPM gains and X-talks are calibrated every 30-40 min.
All 2550 channels are calibrated every 2 days using cosmic muons
Several calibration sources are used to check the detector response 

Systematic error on E scale of +/-2%  was added due to 22Na disagreement
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3 position data 2 position data Nuisance parameters
(systematics and efficiency)

Difference in χ2 between
4ν and 3ν hypotheses 
Red - χ2(4ν)<χ2(3ν), 
Blue – χ2(4ν)>χ2(3ν), 
Dark blue region is excluded at 3σ CL
in case of χ2 distribution with 2 DoF
(χ2(4ν)-χ2

min)=11.8 
This assumption is not valid ➔ we use 
Gaussian CLs method to get limits 

k0=1 ƞ0=0

χ2(4ν)-χ2(3ν) 

ΔX2=-10.0

ΔX2=-9.7

2 comparable minima

Test statistics
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❖ Fit in 1.5-6 MeV range (to be conservative).

❖ 2016-2020 data – no statistically significant indication of 4v(ΔX2=-5.6, 1.5 s )

❖ 2021-2022 data - weak, statistically not significant hint of 4v (ΔX2=-8.0, 2.0 s )

❖ Using current statistics 2016-2022 (~4.4 million IBD events with 1.5 MeV<E<6MeV) 

we see statistically not significant hint of 4ν signal: 

∆X2=-10 (2.4s ) for 4ν hypothesis best point ∆m2=0.35 eV2 , sin22θ=0.067

∆X2=-9.7 for 4ν hypothesis second best point ∆m2=1.26 eV2 , sin22θ=0.02

❖ RAA was excluded by DANSS with more than 5s already in 2018 (Phys. Lett. B, Vol. 787, no.10, p.56-63)

Ratio of positron spectra
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4v 2nd best 4v 2nd best fit

New data
2021-22
∆X2=-8

All data
2016-2022
∆X2=-10 (2.4s )

RAA best point
clearly excluded

4v 1st best point 
4v 2nd best point 

4v 1st best point 
4v 2nd best point 
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The DANSS results
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PRELIMINARY

Exclusion region was calculated using Gaussian CLs method for Ee+ in 1.5-6 MeV 
region  

A very interesting part of 4v parameters is excluded. 

The most probable point of RAA is excluded at >5σ confidence level

There are two F-C allowed regions with more than 2σ significance

However even the best one (2.4σ) is not significant enough to claim indication of 4v

F-C allowed regions

2 allowed regions
with more than 2σ significance

PRELIMINARY

CLs 3σ limits

CLS method F-C method
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Reasons for:
1. Muon variations are major 

background for some dark matter or 
Sun researches.

2. Unique conditions of the detector –
thick reactor with water vessels 
above and only walls from the sides.  

Temperature and barometric 
effects on cosmic muons

Muon Flux

Muon Threshold Energy
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Atmospheric and muon data

• 4 years of muon statistic are 

used in analysis;

• First time in such researches 

climate model ERA5 is used;

• Seasonal variations are 

clearly seen for muon rate and 

Teff, and are not observed for 

pressure.  

Pressure Effective Temperature

Hourly muon rate
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Correlation analysis

3-dimentional distribution

Barometric effect

Temperature effect
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15 – DANSS Vertical
16 – DANSS
17 – DANSS Horizontal

Eur. Phys. J. C 
(2022) 82: 515

Comparison with 
theory and other 

experiments

• 9 values of α and β was 
calculated – for each 
detector position, and 
for each angular area;

• All values of α are in 
perfect agreement with 
theory curve;

• β values are ~30% 
above model 
predictions!

Barometric coefficient

Temperature coefficient
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Plans for the DANSS upgrade

DANSS sensitivity after the 

upgrade

1.5 years of 

data taking
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Old strip    New strip

New strip design

Size: 1x4x100 cm

3 grooves for fibers

Coating with Gd

Coating with TiO2

One side readout

Y11 WSF   

Size: 2x5x120 cm

8 grooves for fibers

Gd-contained film between layers

Chemical foaming

Two side readout 

New WSF (JINST 17 P01031, 2022)

Left Right

SumSum

Left 

Right

Strip scanning on π-beam:
Transverse profile

Longitudinal profile

JINST 17(2022) P04009
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Summary• DANSS collects more than 6M of 
IBD events;

• Big part of the RAA+GA region 
was excluded;

• With new data weak hint on 
sterile neutrino has appeared –
two close points:

∆X2=-10 for ∆m2=0.35 eV2, sin22θ=0.067

∆X2=-9.7 for ∆m2=1.26 eV2, sin22θ=0.02 

• But these results are not 
statistically significant (2.4 σ) to 
claim the indication of the sterile 
neutrino; 

• Temperature and barometric 
correlation coefficients for cosmic 
muon flux were measured in new 
area of the overburden 
parameters; 

Our plans:

To take data for a few more 
months

To upgrade detector in 2023
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