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There are several indications of sterile v with
Am? ~ 1eV?, Sin%26,, ~0.1

1. LSND, MiniBoone: v, (V, ) appearance in v, (v,) beams:
Not confirmed by MicroBoone PRLet+. 130, 011801, 2023 but not excluded

2. SAGE and GALEX v, deficit (6A) confirmed by BEST:

arXiv: 2109.11482, arXiv: 2201.07364

3 Reactor v, deficit (RAA):
Probably explained by KT (arXiv:2103.01684v1), DayaBay, RENO
by about 6% smaller 65/09 ratio than in HM model

But DANSS obtained larger ratio of d5/09 consistent with HM model
I.Alekseev etal. (DANSS) e-Print: 2410.19182 [nucl-ex] (accepted to PRD)

4. Neutrino-4 claim of sterile neutrino observation

Am?=7.3+1.17eV2 and sin226=0.36+0.12 Phys.Rev.D 104, 032003 (2021)
Criticism of the Neutrino-4 analysis: M. D. and N.Skrobova JETP Lett. 112 no. 7, 452 (2020)
C. Giunti et al. Phys. Lett. B 816, 136214 (2021)

Serious tensions with PROSPECT, KATRIN, STEREO, DANSS (with absolute rates)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.011801
https://arxiv.org/abs/2109.11482
https://arxiv.org/abs/2201.07364
https://arxiv.org/abs/2410.19182

Possible explanations

Sterile neutrinos: at short distances one can consider only
oscillations to sterile state

o . . Amiy [eV?|L[m]
PV, - v,) =1 —sin?(26,,) sin (1.27 E[MeV]
~1elV?

Large Extra Dimensions (LED)
(N. Arkani—Hamed, S. Dimopoulos, G. Dvali, Phys. Let. B, vol 429, issues 3-4, pages 263-272, 1998)

. , 2+n
LED renormalize Planck’s mass: M3, = (Mp,)"  a®

- n = 2 needed for Hierarchy problem but one dimension can be bigger
than others. In this approach survival probability for (anti)neutrino:
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https://www.sciencedirect.com/science/article/pii/S0370269398004663

DANSS Detector design
/ JINST 11(2016)no11,P11011
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. 2500 scintillator strips with Gd * Two-coordinate detector with fine
containing coating for neutron capture segmentation — spatial information
* Multilayer closed passive shielding:
- Central fiber read out with individual electrolytic copper frame ~5 cm,
SiPM borated polyethylene 8 cm, lead 5 cm,

- Side fibers from 50 strips make a bunch  borated polyethylene 8 cm
of 100 on a PMT cathode = Module » 2-layer active p-veto on 5 sides



DANSS at Kalinin Nuclear Power Plant
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DANSS is installed on a movable platform under
3.1 6W WWER-1000 reactor

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

~50 mwe shielding => y flux reduction ~6!

No cosmic neutrons!

Detector distance from reactor core 10.9-12 9m
(center to center) is changed 2-3 times a week

Trigger: ZE(PMT)>0.5-0.7MeV=>Read 2600 wave
forms (125MHz), look for correlated pairs offline.

Fuel fission fractions: averag
start and end of campaign [%

235U 541 63.7 44.7
239Pu 33.2 26.6 38.9
238U 7.3 6.8 7.5
241Pu 55 28 8.5
(for a typical campaign)
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Events
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Accidental coincidence background
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Accidental coincidence of 2 uncorrelated signals (e+-like and neutron-like) in a IBD
window [1-50] us = accidental coincidence background (ACB)

ACB spectrum is constructed directly from data applying the same physics cuts as for
IBD signal except coincidence time taken outside IBD time window [1-50] us in numerous
non-overlapping intervals (large statistics is essential to decrease statistical errors of
subtraction) = No systematic errors

ACB rate is 15.3% of IBD rate (Top detector position in [1-50] us, Ee+: 1.5-6 MeV).

Selection of cuts (e.g. geometric) to reduce ACB = smaller statistical errors
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Events / day / 0.125 MeV
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Subtraction of residual backgrounds
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Cosmic background
rejected by u VETO
(23.4% of v signal)

in [1.5-6] MeV
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s 25 v events/day from neighbor reactors were subtracted

“ Fast neutrons: linearly extrapolate from high energy region and subtract separately from

7 8 9

Paositron Energy, MeV

positron and visible cosmic spectra, CR (fast neutron) = 16 events/day (in 1.5-6 MeV
range)

% Visible cosmic background (CB) has been directly rejected by VETO,

it is 23.4% of neutrino signal (for top position in [1.5-6 MeV] range)
s CB of ~1% at Top position due to VETO inefficiency, which was found to be ~4.5% from

reactor OFF data, was subtracted (41 events/day ).

+ Additional 19 events/day at low energies observed in reactor off data were subtracted

+» Total subtracted background is 1.76% for the top detector position. S/B>50!




Calibrations
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% Energy scale has been fixed using B-spectrum of 2B, which is similar to positron signal
< Other sources agree within +/- 1% with exception of 22Na which is 1.8% below.
s Systematic error on E scale of +/-2% was added

Hope to reduce this error soon



Time stability of energy scale studied with stopped muons

Michele e-/e+

Bragg curve
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DANSS statistics accumulation

- x 10°
e — — Camp. 4 Camp.5 Camp. 6 Camp. 7 Camp. 8 Camp.9 _H
T 9000~ /_/—/ -
L 8000\ [ |Bottom . g
0 7000E- I Middle i i L‘o": i 3
6000 - [ ITop g g E E
— —— Total = - =
5000 N . N
— o = o [
4000 = g 5 g
3000 E- 4 i
2000 - L
1000
:I 1 1 1 1 1 1 I 1 1 1 1 | 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 1 | 1 1 1 1 I 1 1 1

05/16 05/17 05/18 05/ 19 05/20 05/21 05/22 05/23 0524 05/25
Date, MM/YY

v 5 full reactor cycles ! 6 reactor off periods !

v We present data till May 25.

v" Almost 10 million IBD events

v Previous analysis (2024): 1.G. Alekseev, Physics of Atomic Nuclei in press
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Visible IBD spectrum

Positron spectrum of IBD-signal

Top: 5233 + 2.8 / day
=—— Middle: 4384 + 6.0 /day —
—}— Bottom: 3680 + 2.1 / day Ee+=[0.75-8] MaB
—4+— u-bkg top: 119 £ 0.1 / day

Statistical errors only
9873401 IBD events

1 2 3 % 5 6 Z 8 9

< Positron energy, MeV_>

v Positron kinetic energy spectra (no annihilation photons) at 3 detector positions
v All backgrounds subtracted
v' Neighbor reactors at 160 m, 334 m, and 478 m, 0.6% of neutrino signal at top position,

subtracted

v" For E_,=[1.5-6] MeV correlated background = 1.75% in top position: S/B > 50 !
v ~5000 events/day in detector fiducial volume (78% of full volume)
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Test s'ra'ris'rics

2 . - r—1 Zh ]‘ j) (T — U;])z
C=min " (Zi Za) W Z + 3 0 D
k= .J. i=1.2 ] nl
3 position data 2 posmon data Nuusance parameters
i — energy bin (36 total) in range 1.5-6 MeV; (systematics and efficiency)

Z; = R?-bs — kj x R?re(Amg, sin? 26, n) for each energy bin,

R, = Bottom/Top, Ry = Middle/+/Bottom - T'op, where

Top, Middle, Bottom — absolute count rates per day for each detector position,
k — relative efliciency, k0=1 n°=0
n — nuisance parameters;

W — covariance matrix;

- Ax? = x2,-x%,, distribution

Best fit point:

Am? = 1.3 eV?
Difference in x2 between m/sin220=0.016
4v and 3v hypotheses - sdEEc
Dark blue region is excluded at 30 CLS
in case of x?2 distribution with 2 DoF -7
(XZ(4V)’X2min)= 11.8 s
This assumption is not valid & we use
Gaussian CLs method to get limits
v' 7.2 M IBD events 1.5 MeV <E <7 MeV
v Ay*=-8.6 (2.56) — No statistically

significant evidence of 4v oscillations 10-3 10-2 10-1 10°
sin226..

104

30 for x? distribution 2 d.o.f. ==

<11.83

N



Am2,, eV?
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Sterile neutrino (relative ratio analysis)

8'0'?6: Observed Bottom/Top spectra ratio for the whole
""" EU ?5: time period and predictions
2 [ 3 (without oscillations)
D _ [ 4vbestfi
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» Neutrino-4 best fit §
GA 95% CL U_Bg_ll||||||||||||||||||||||||.||--
10-2 10-1 10° 1 2 3 4 5 6 7
5in226,. Positron energy, MeV

No statisticaly significant evidence for sterile neutrinos (2.56 only)
Important part of the parameter space is excluded
Limits are world best in Am2=0.6-4 eV?

13



Search for sterile using absolute counting rates
e = X2t + (Neop + Ninig + Noottom)°™* — (Nsop + k2 - 1/k1 - Nomig + ki Nootzom)P)? /02,

X’ret — x? using counts ratios only, Nip/miansorom — total counts in the corresponding detector positions
Gabs — Systematic uncertainty taken as 7% (very conservative)

Exclusions for large Am?4; are consistent with previous results (Daya Bay, Bugey-3, Katrin ...)
Our results exclude the dominant fraction of BEST expectations [Phys.Rev.Lett.128, 232501]
as well as best fit point of Neutrino-4 experiment [Phys. Rev. D 104, 032003].

HM-model

Systematic uncertainties 2—
Y 10 AY=7-5 | gest
~ Sowee  Uncertainty i s
Numberofprotons 2% | 2
. .. ] |
Selection criteria 2% 8 I g :}‘;p
N £p.
Geometry (istance and fission points distribution) 1% N
Fission fractions (from KNPP) 2% N 6 ! SR AR
[}
Average energy per fission (PRC 88,014605)  03% 3 5
g ¢
Reactor power (from KNPP) 1.5% < 4
Backgrownds 0% 5
) .. [ Exclusion (sensitivity) with
Total without flux predictions 4% > (--) relative IBD rates (90% c.L.)
Fluxpredictions 2% i v e
1 (-) absolute IBD rates (90% c.L.)
Total 5-7%, W Neutrino-4 result
%0 01 02 03 04 05 06 07 08 09 1.0
Sin?20ee

KI model exclusions are slightly stronger 14



Search for Large Extra Dimensions
I.G. Alekseev et al.,( JETP Letters 122 (2025) 1, compared with D.V. Forero et al, PR D 106, 035027, 2022

Inverted ordering

Normal ordering

0 0
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»> Another way to solve RAA and GA — oscillation to large extra dimensions.
» The analysis is similar to sterile neutrino search, but different L/E pattern.
» No statistically significant evidence for LED.
The best point significance is 26 [NO] and 1.8¢ [1O] only.
» We exclude large and interesting region preferred by GA and RAA.
> In some regions our limits are the world best.
» Limits do not depend on reactor models
» GA best point is excluded at > So level, RAA at 4.20. 15


https://doi.org/10.1103/PhysRevD.106.035027

Upgrade Status & Plans

v'10M events is accumulated — the largest statistics in the world.
v'New scintillation counters developed. Mass production started.
v'LY ~200 p.e./MeV and very high uniformity of response »_ counter
v' DANSS decommissioning is scheduled early 2026.

v DANSS-II assembly will start after DANSS disassembly.
v DANSS-II commissioning is expected in Summer of 2026.
v DANSS II will test Neutrino-4 and BEST results

~trigger

Mass production counter test
New scintillation counters test (16 SiPM per counter) with p-beam at U-70 (Protvino) yih atmosphere muons
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Summary

o DANSS records about 5 thousand antineutrino events per day with correlated
background ~1.8%, S/B>50

o ~10 million IBD events were collected

O DANSS reactor model independent analysis based on 7.2 million IBD events does not
show statistically significant evidence for sterile neutrinos (best point significance 2.50)

O It excludes a large and the most interesting fraction of available parameter space for
sterile neutrino including a large fraction of the BEST preferred region. The limits for
Am?=(0.6-4) eV? are the world best (up to sin?20=0.005)

O Analysis with absolute counting rates excludes practically the whole parameter region
preferred by BEST as well as the best fit point of Neutrino-4

O No statistically significant evidence for Large Extra Dimensions was found. Obtained
limits exclude the most interesting part of the model parameters needed for the explanation
of GA and RAA. In some regions of parameters, the limits are the world best. The limits do
not depend on reactor flux models.

O DANSS upgrade will be finished in Summer 2026. This will allow to further scrutinize
the BEST and Neutrino-4 results and to study neutrino spectra of different isotops
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Positron spectrum: experiment vs. H-M Model

S 180 Q 1.18 — RENO-Phys.Rev.Lett.
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We see a bump in e+ spectrum at similar position to other experiments (E,,,,,«=E..+1MeV)
if E is shifted by -50 keV

Bump height is smaller than in RENO

However, we can not claim bump existence yet

because of high sensitivity of the shape to energy scale and shift.
Similar problems should exist in other experiments
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Search for Large Extra Dimensions
I. Alekseev et al., DANSS, Letters to JETP, vol 122, issue 1, page 3, 2025

normal ordering inverted ordering

1005 109
= Ao cisatm, e isdey. | T 90%excl T e
ep = Y. ol » Mo = U, ]
0.76 —— Rep = 0.31e-6 m, my = 0.06 eV _ — 99% excl. 99% excl.
| Data | --- 90% sens. --- 90% sens.
o 0.74 10-1 —— 99% sens. 10-1 —— 99% sens.
o J
€, | | | ] % DANSS best point % DANSS best point
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0.68 102 ~ 1072 i Y
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Observed (red) and predicted for DANSS
(blue), GA (orange), RAA (green) b.f.p
spectra ratios

» Bottom/Top ratio is used
* October 2016 — January 2024, 5.8 min events
» Sensitivity is larger for inverted mass ordering
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