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Detector of reactor Anti Neutrino based on Solid-state Scintillator – very stable over 5 years

Kalinin NPP, Udomlya, Russia, ~350 km NW from Moscow

DANSS: 
below WWER-1000 

3.1 GW
th
 reactor 

of unit 4 

• 1 m3 sensitive volume composed of 2500 scintillator strips with Gd containing 
coating for neutron capture

• Dual 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 – very clean IBD selection
• Surrounded by 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

• Designed to contain no flammable or other dangerous materials
• Reactor body and shielding provides cosmic suppression ~50 m.w.e., 

muons reduced 6 times, no atmospheric neutrons
• Located on a lifting system: 10.9 to 12.9 m between the centers of the 

detector and of the reactor core, altered on a weekly basis
• Nearly ideal for the sterile neutrino search in the very short range 

region: various distances – one detector
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New from previous analysis *:
• Additional 1.5 million IBD events in (0.75-8) MeV range
• One new reactor-OFF period
• Totally 5.5M events and 3 reactor-OFF periods in 5 years 
• Median of Landau distribution is used in vertical muon 

calibration instead of MPV → more stable calibration.
• Refined MC, including individual light yields for each SiPM 

and PMT channel. Light yields taken from experiment.
* M.Danilov & DANSS, PoS ICHEP2020 (2021) 121
  D.Svirida & DANSS, J.Phys.Conf.Ser. 1690 (2020) 1, 012179
  N.Skrobova & DANSS, J.Phys.Conf.Ser. 1690 (2020) 1, 012173  

JINST 11 (2016) no.11, P11011 

• MC still does not reflect widths
• Final energy scale is fixed by 

12B-decay, similar to e+ signal: 
−4% to the muon scale. 

• Presumably due to the uncertainties 
in the cosmic muon spectrum

• Several calibration sources are 
used to check the detector response

• Sources and 12B agree within ±1%
• Energy scale uncertainty kept at 2% 

and added to the systematic error.
• MC now reflects γ-multiplicity

For positron energy SiPM and PMT
fluctuations anti-correlate and additional
smearing in (SiPM+PMT)/2 12%/√E  4%

V e r t i c a l  M u o n s

C a l i b r a t i o n  S o u r c e s

12B(n12C)

Expected 29.1 ms 12B(μ12C) Expected 29.1 ms

Michel Electrons

Expected 2.13 ms

Two 12B samples agree within 1%

60Co
Multiplicity

ΔE=E=−1.2%

60Co

ΔE=E=+0.6%

22Na

ΔE=E=−0.8%

248Cm

ΔE=E=+0.8%

Gd(n,γ)

H(n,γ)
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B a c k g r o u n d s :  A c c i d e n t a l ,  T a g g e d  C o s m i c s  a n d  M o r e

S p e c t r a  a n d  t h e  B u m p

R e a c t o r  P o w e r  a n d  F u e l  B u r n o u t

M u o n  F l u x  M e t e o r o l o g i c a l  C o r r e l a t i o n s

 Bottom 
    Top

      Middle      
 √Top*Bottom
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   χ2 definition and distribution

3-posit ion movement
Oct. 2016 – Dec. 2018

2-pos.
Mar. 2019 

and on

Penalty terms for nuisance 
parameters 

Nuisance parameters (σk,η)
● relative efficiencies 0.2%
● energy scale 2% 
● energy shift 50 keV
● additional smearing 

in energy 25% *
● distance to fuel burning 

profile center 5 cm
● cosmic background 25% *
● fast neutron background  

30% *
__________

* of the best estimated value

  χ2(4ν)−χ2(3ν)
Red:   χ2(4ν) < χ2(3ν)
Cyan: χ2(4ν) > χ2(3ν)

4ν best point: 
ΔE=m2 = 1.3 eV2 

sin2
ee2θ = 0.014

ΔE=χ2 = −3.2 
< 1.3 σ

• Fit in 1.5-6 MeV 
range (to be 
conservative)

• 3 975 320 IBD 
events in this 
range 

• RAA+GA excluded 
with ∆χ2 = 107, 
much more 
significant than 5σ

• Gaussian CLs 
method for 
exclusion region

• The most stringent 
limit reaches
sin2 2θ < 8*10−3 

  4ν exclusion 
region

 RAA+GA  >> 5σ, best point ΔE=χ2 = −3.2 ( < 1.3σ ) => 

No evidence for the sterile neutrino !
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Campaign 4 Campaign 5 Campaign 6

Camp. 7

Prompt-delayed 
  3D distance

Some cuts depend 
on positron energy

AcB is 15.4% of IBD 
@Top, Ee+=1.5-6 MeV

Neutron travel time

Tons of proofs and no evidence...

 CB tagged by μ-VETO,
20.2% of IBD signal
in [1.5-6] MeV @Top

IBD and visible (tagged) 
Cosmic Background

3 R-OFF
periods

73 IBD-like evt/day
in [1.5-6] MeV,

fitted by normalized 
CB spectrum

Fast neutrons,
16 evt/day

in [1.5-6] MeV

Positron energy spectra
(ionization only)
4 979 881 events in [0.75-8] MeV 
in periods of regular position 
change 

Subtractable backgrounds 
≈1.7% in [1.5-6] MeV @Top

S / B > 50 !

All backgrounds 
subtracted, including 
25 evt/day from 
adjacent reactors

Detector MC:
H-M spectra and

average fuel 
composition

Strong sensitivity to the 
energy transformation: 
data shifted -25 keV and 
scaled by 0.995 for the 

best agreement with MC 
(for this comparison only)

Positron spectra: experiment vs MC

RENO: PRL 121 
(2018) 20, 201801

RENO
convoluted 

with DANSS 
resolution

DANSS 2021, 
preliminary

The ‘Bump’, if any, looks twice 
smaller than expected from RENO

Reactor power and corrected IBD counts

Correction for the fuel evolution, dead time, 
adjacent reactors and detector efficiency. 

Weighted power measurement: 4 independent sources

Typically 
2-3 day ν-flux 
measurement 
with common 
normalization

● Reactor power measured by 
IBD rate with 1.5% statistical 
accuracy in every 2 days for 
4.5+ years.

● Changes in absolute detector 
efficiency known better than 
1% throughout this period.

● Relative efficiency is even 
more stable (<0.2%) because 
of frequent changes of the 
detector positions.

Normalized 
deviation of points 

consistent with 
purely statistical 

fluctuations

Fission fractions of the data taking

Analyzed for the fuel evolution

AcB subtraction 
neither increases 

statistical error, nor 
introduces systematic 

uncertainties

Positron spectrum ratio 

months 2-4 of each campaign 
to the last 3 months of the previous 
campaign. 3 campaign switches.

Spectrum 
evolution 

with the fuel 
burnout is 

clearly seen

RENO: PRL 121 
(2018) 20, 201801

DB: PRL 
118 (2017) 
25, 251801

IBD rate 
derivatives on 
239Pu fraction 
agree with 
H-M model 

and are 
slightly more 
pronounced 

than at 
Daya Bay

Cosmic muon flux vs calendar time
Seasonal variations with minimum on August 26

Bottom

Top

Mid

Reactor OFF

Muon flux dependence on the 
absolute pressure variation

1 hour points

Muon flux dependence on the 
relative temperature variation

1 hour points
Temperature correlation coefficient

                           Overburden,

Good 
agreement 
with theory

Negative 
term

Positive 
term

Total 
effect

Pos.
Tot.
Neg.

Additional 
MC smearing 

12%/√E  12.5%

18.9 pe/MeV

SiPM

Additional
MC smearing
12%/√E  6%

15.3 pe/MeV

PMT

For positron energy SiPM and PMT
fluctuations anti-correlate and additional
smearing in (SiPM+PMT)/2 12%/√E  4%

 

   Upgrade to DANSS-II in 2022 (planned)

Goals and paths:

● Improve energy
resolution from
34%/√E to 13%/√E

● Significantly increase 
the sensitivity region 
and cover Neutrino-4 
best point

● Need light output 
about 100 pe/MeV 
or more

● Optimized strip 
design and 
technology

1.5 years of data taking

 

   New features
● Scintillation strips: 

20х50х1200 mm3 
(now 10х40х1000 mm3)

● 60 layers x 24 strips 
= cube (120 cm)3 
=> 1.7 times increase
in fiducial volume

● No PMT – SiPM only 
readout from both sides

● 8 grooves with WLS, 
16 SiPM per strip

● Optimized groove positions
and depth for transverse 
homogeneity  and light 
collection

● Advanced WLS to SiPM coupling 
technology (not fully tested yet)

● TOF to get longitudinal coordinate 
in each strip

● Chemical whitening of strips – no thick
dead layer with titanium and gadolinium

● Gadolinium in polyethylene film between layers
● New front end electronics – low power inside passive 

shielding – cool SiPMs to 10oC
● Reuse digitizers, nearly the same number of channels
● Keep moving platform and passive shielding

 

   Preliminary pion beam tests encourage

● Both transverse and longitudinal responses are fairly uniform
● Light output ~80 pe/MeV with one SiPM per fiber readout

Transverse profile Longitudinal profile
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