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Reactor and Galium Anomalies

Phys. Rev C 83, 054615 (2011)

The ratio of 

measured to 

calculated: 14 ± 6 % 

(>2s)

The ratio of the measured 

neutrino flux to the 

calculated flux from the 

reactor : 0.93 ± 0.02 (3s)



Reactor Antineutrino Anomaly: the sterile neutrino hypothesis

Best fit RAA:

sin2(2qNEW)~0.1, 

Dm2
NEW~ 2 eV2

Reference point for 

all experiments

Lack of experimental 

data in the range

Dm2 sterile 

< 10 eV2



Reactor Spectral Anomaly

An excess of events - "shoulder", "bump" in the region of 4-6 MeV is observed in most reactor experiments -

the effect is being actively studied, but there is still no understanding of its nature.



Motivation

● High-quality measurements of reactor antineutrinos on a short baseline 

(5-20 m) are needed to test the sterile neutrino hypothesis - a 

fundamental issue.

● Precision measurement of the spectrum of reactor antineutrinos is 

critical information for neutrino oscillation experiments (reduction of 

systematics), solution to the riddle of the spectral anomaly.

● Development of technologies for applied monitoring of reactors - non-

proliferation of nuclear materials, neutrino tomography of a reactor, etc.



DANSS design

❖ Cubic meter highly segmented neutrino spectrometer made 

of 2500 PS strips viewed by 2500 SiPMs & 50 PMTs.

❖ 2D signal acquisition with 3D reconstruction 

❖ Multilayer passive shielding: Cu/CHB/Pb/CHB=5/8/5/8 cm

❖ Active muon veto made of 2 x 3 cm PS plates from all sides 

except bottom.

Detection cell (strip) Module

Shield

Whole spectrometer 



The location and movable platform

❖ The DANSS is located at Kalininskaya NPP (KNPP) 

under 3 GW WWER-1000 reactor (H=3.6 m,  =3.1 

m), which provides ~ 50 m.w.e. (6-fold m reduction and 

no cosmic n).

❖ The detector is built on a movable platform.

Data are taken at 3 distances 10.9 m (Up), 11.9 m 

(Middle), and 12.9 m (Down) from the reactor (center 

to center), changed sequentially 3 times per week. 



Main result of the

DANSS

Bottom/Top



DANSS vs. competitors



Key DANSS results & JINR contribution

● Invention of an innovative measurement technique, first applied to neutrino spectrometers (JINR).

● Creation of a prototype spectrometer DANSSINO, on which the technique was successfully developed 
and the energy spectrum of reactor antineutrinos was measured (JINR).

● Proposal and implementation of a difference measurement method (mobile platform) free from a 
number of important systematic errors (JINR).

● Construction, tuning and launch of long-term measurements on the full-scale DANSS detector 
mounted under the fourth power unit of the Kalinin NPP (JINR).

● Measurement of the energy spectra of reactor antineutrinos at different distances from the reactor, 
obtaining the best constraints on the existence of sterile neutrinos in the essential region of the 
phase space of the 3 + 1 model.

● Demonstration of high-precision (1.5% on two-day statistics) monitoring of reactor power using the 
DANSS detector in long-term measurements.

● Demonstration of the sensitivity of the DANSS detector to the structure of nuclear fuel (U / Pu).



Award 2019
https://clck.ru/Sco94

https://clck.ru/Sco94


Neutrino-4 – is this a signal?



Tasks for the next period

●Creation of an upgraded DANSS-2 neutrino spectrometer, which has a

number of advantages over its predecessor DANSS: better resolution,

increased size, greater uniformity with a smaller number of dead layers

inside the detector.

●More precise measurement of the spectrum of reactor antineutrinos,

important for solving the problem of spectral anomaly.

●An increase in the tested phase space of possible oscillations into a

sterile neutrino, including reaching the point of the signal declared in the

NEUTRINO-4 experiment.

●Development of a compact spectrometer S3 for solving applied

problems of reactor monitoring.



Strip prototypes are 

testing on p-beam

Upgrade timescale:

~2 years. 

The DANSS upgrade

Main goal: to reach resolution 15%/√E w.r.t. 

current 34%/√E.

New geometry:

Strips: 2x5x120 cm with 2-side SiPM readout 

Structure: 60 layers x 24 strips: 1.7 m3 setup 

used the same shield and moving platform.

Gd is in foils between layers.

Upgraded strip:



Plans

● 2021 - mid-2022 R&D on DANSS-2 design, manufacturing of 1440 DANSS-2 strips

(the process is detailed in the document).

● Mid 2022 - Late 2022 Dry build for final testing and tuning of DANSS-2 fully loaded

(excluding protection).

● Beginning 2022 - mid 2023. DANSS disassembly. Construction, tuning and launch of

DANSS-2 at KNPP.

● From mid-2023 - the data taking on DANSS-2, the planned exposition is at least 2.5

years.

● Throughout the entire time - maintaining the operation of installations at the KNPP,

data analysis, creation of a compact spectrometer S3 for applied monitoring tasks.



DANSS: 

JINR team

● JINR DANSS team 

includes 17 people, 

5.6 FTE

● Total number of 

people in the DANSS 

collaboration: 36.



DANSS: finance

Expected salary of the DANSS team is 95.2 kUS$ per year. Estimation based on 2020 data and includes spending on

technical personnel not listed in the project. 1US$ = 64RUB assumed in the estimation.
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PhD Theses 

● Two DANSS project participants successfully defended their dissertations in 2019. 

Daniya Zinatulina (http://ftp.jinr.ru/dissertation/Zinatulina_autoref.pdf) and Mark 

Shirchenko (http://159.93.39.20/dissertation/Shirchenko_autoref.pdf). They are currently 

leading their own MONUMENT project, which is now carrying on under the same theme 

as current project. 

● Currently, two PhD thesis planned to be completed within 2 years. 

– I. Zhitnikov “Development, creation and characterization of the DANSS detector based on 

plastic scintillators for the study of reactor antineutrinos”

– V. Belov.” Background studies, measurements and discrimination in the DANSS reactor 

neutrino experiment”

http://ftp.jinr.ru/dissertation/Zinatulina_autoref.pdf
http://159.93.39.20/dissertation/Shirchenko_autoref.pdf


Conferences (JINR team)

1. I.Zhitnikov, Status of the DANSS experiment. International Session-Conference of the Nuclear Physics Section of the Physical 

Sciences Division of the Russian Academy of Sciences "Physics of Fundamental Interactions" dedicated to the 50th anniversary of the 

Baksan Neutrino Observatory.

2. LXVIII International conference NUCLEUS 2018: Actual status of “DANSS” project

New Trends in High-Energy Physics 2018: Actual status of “DANSS” project V.Belov, M.Fomina.

3. International Workshop on Particle Physics at Neutron Sources 2018, DANSS, M.Shirchenko

4. 6th Symposium on Neutrinos and Dark Matter in Nuclear Physics 2018. https://indico.ibs.re.kr/event/212/, M.Shirchenko, DANSS

5. Yu. Shitov Status of the DANSS project / AAP 2018, 14th International Workshop on Applied Antineutrino Physics, 10-11 October 
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6. Yu. Shitov New results from the DANSS experiment / LP2019 XXIX International Symposium on Lepton Photon Interactions at High 

Energies, 5-10 August 2019, Toronto Canada, https://indico.cern.ch/event/688643/contributions/3429530/

7. Yu. Shitov Search for a light sterile neutrino at SBL reactor experiments / Seminar at University of Comenius, Bratislava, Slovakia, 

14 November 2018. https://fmph.uniba.sk/detail-novinky/back_to_page/fakulta-matematiky-fyziky-a-informatiky-uk/article/translate-to-

english-nuklearny-seminar-yuri-shitov-14112018/
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9. Yu. Shitov, Recent results from DANSS / NuPhys2019, Prospects in Neutrino Physics, 16-18 December 2019, London, UK, Invited 

oral talk is foreseen https://indico.cern.ch/event/818781/timetable/#all.detailed

10. Yu.Shitov, Recent results from the DANSS experiment, Neutrino-2020, Chicago, online, June 22-July 2, 2020 

https://indico.fnal.gov/event/43209/timetable/#20200622.detailed

11. Irina Machikhiliyan The DANSS neutrino spectrometer: the results of reactor antineutrino studies, Nucleus-2020, 

https://indico.cern.ch/event/839985/timetable/#all.detailed



SWOT

S
❖ No restriction to place near industrial reactors

❖ Record antineutrino flux at a record short distance 

from the reactor

❖ Reactor works as shield against cosmic muons

❖ High segmentation – good PID

❖ Relative measurements on mobile platform –

insensitive to many systematic effects

W
❖ Low resolution due to poor quality of plastic 

scintillator strips and limited readout

❖ large inhomogeneity  and a large number of 

dead layers 

❖ outdated optical signal collection system using 

a PMTs 

O
❖ Creation of DANSS-2 with twice improved 

resolution thanks to better:

❖ scintillator quality 

❖ light collection by SIPM only readout with more WLS-fibers

❖ homogeneity and minimal number of dead layers

❖ bigger detector 

❖ testing a larger area of n-sterile oscillations 

including the declared signal from Neutrino4

❖ more precise measurement of the reactor n-

spectrum to solve the reactor spectral anomaly 

T
❖ Limited funding

❖ Tightening of the rules for work at the KNPP by 

the management, which will lead to the 

complication or impossibility of work at the 

host



Summary

❖ Within the framework of this project, a relatively compact and safe neutrino spectrometer DANSS based 

on plastic scintillators (PS) with a sensitive volume of 1 m3 has been developed and created, capable of 

operating near powerful industrial reactors.

❖ The spectrometer has successfully operated 10-12 meters from the KNPP reactor for 4 years (2016-2020), 

record statistics of 4M reactor antineutrinos have been collected. 

❖ Oscillations into sterile neutrinos were not detected, the world's best restrictions on this process were 

established, long-term precision monitoring of a nuclear reactor and sensitivity to the composition of 

nuclear fuel were demonstrated.

❖ During the new period of work, it is planned to create, tune and launch the upgraded DANSS-2 

spectrometer. In two years of work, the search area (phase space) of sterile oscillations will be 

significantly increased, including the area of the signal declared by NEUTRINO-4. In addition, a better-

quality spectrum of reactor antineutrinos will be obtained, which is important for investigating the 

reactor antineutrino spectral anomaly. 



Bonus slides



Neutrino landscape: the sterile neutrino hypothesis



Detector Assembly



❖ Energy scale has been fixed using b-spectrum of 12B, which is similar to positron signal

❖ Systematic error on E scale of +/-2% (will be reduced soon) has added due to source response uncertainties

Calibrations
Cosmic muons 

248Cm

H(n,γ)

Gd(n,γ)

12B

Michel electrons

Neutron source



Positron spectrum of IBD-signal

❖ Pure positron spectra @ 3 positions (no annihilation photons) 

❖ ~5000 eve/d (~4000 eve/d in previous analysis) in detector fiducial volume (78% of full volume) @ ‘Up’ 

position (closest to the reactor).



Positron spectrum: experiment vs. theory

❖ In order to reach best agreement with H-M model our MC spectrum was shifted on +50 keV w.r.t. 

experimental data. The nature of this shift is still under investigation.

❖ With such a shift we see a bump in e+ spectrum similar to other experiments.

❖ However, we can not claim its existence yet because of high sensitivity of the shape on E scale and shift.



Reactor power monitoring

❖ DANSS points after all corrections (all backgrounds including 

adjacent reactor fluxes (0.6%), fuel composition, etc.).

❖ Reactor power is measured by the DANSS with neutrino flux 

with 1.5% accuracy in 2 days during 3+ years, no evidence for 

systematic effects has been observed.



Fuel sensitivity: Up – Middle – Down data

Raw data w/o fuel correction

Fuel-corrected data



IBD total rate vs. effective distance

❖ IBD intensity follows reasonably the 1 / L2 dependence. 

❖ Detector was divided on 3 parts in each position. 



Mini n-spectrometer S3

❖ 80 polystyrene-based scintillator plates of 40×20×1 cm dimension produced by the firm NUVIA 

with the “between glass” technology, form a cube of 40×40×40 cm

❖ The neighboring plates are interlayed with Gd-containing film produced by the same firm on the 

Tyvek basis.

❖ SiPM readout.

Scintillator plates combined to intersecting X- and Y-modules with the total volume of 64 liter.



Stand to test the DANSS-2 strips


