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There are several indications in favor of existence of the 4t" neutrino
flavor - “sterile” neutrino seen in short distance oscillations

LSND + MiniBooNE — accelartor anomaly: appearance of v, (v,)
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Rev. C 80 (2009) 015807

Reactor anomaly — deficit of v, in
combined analysis of reactor
experiments. G. Mention et al. Phys.
Rev D83 073006 (2011)

[AmZe.| > 1.5 eV? (95%) and sin®(20,ey) = 0.14 £ 0.08 (95%)

Neutrino-4: 2.80 @ Am?~7eV? sin?20~0.35
JETP Lett. 109 (2019) no.4, 213

+  Bestfit Am’=7.22¢V", 5in’(20) = 0.35
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GALEX (Gran Sasso) and SAGE (Baksan) — gallium anomaly: deficit
of v, from neutrino source in gallium detectors calibration. Phys.
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In a simple model with the 4" neutrino survival probability of
electron antineutrino from the reactor is given by the formula:

Am2[eV?|Lim]\

2Ty — 1 an2(90.) cin
P 7(L)=1—sin"(26;)sin” | 1.27 £, MeV)]

DANSS: Measure ratio of 12 Am? = 2.0 eV, sin26 = 0.10
neutrino spectra at different| o . Am? = 1.0 eV?, sin°26 = 0.10
distance from the reactor core —=| @® 1'153 Am? = 0.5 eV?, sin’26 = 0.10
both spectra are measured in 1.1

the same experiment with the 1.05
same detector. No dependence 1
on the theory, absolute detector 0.95
efficiency or other experiments. 0.9
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WWER1000

R o reactor
,,,,,,, _Xq = /4 _//

\

KNPP - Kalinin Nuclear Below 3.1 GW,, DANSS on a lifting platfor
Power Plant, Russia, commercial reactor Aweek cycle of. _
~350 km NW from Moscow  ~ 5-1013 v-cm2c-! up/middle/down position
» Detector of the reactor AntiNeutrino based on Solid-state Scintillator - no
flammable or dangerous materials — can be put just after reactor shielding

* Inverse Beta-Decay (IBD) to measure antineutrinos: — -
YillBl) Ve+p—et+n §

 Reactor fuel and body with cooling pond and other reservoirs provide
= overburden ~50 m w.e. for cosmic background suppression

 Lifting system allows to change the distance between the centers of the
detector and of the reactor core from 10.9to 12.9 m on-line

* The setup details: JINST 11 (2016) no.11, P11011
B The first results: Phys.Lett. B787(2018)56 — one year o
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One year old analysis details are here: I. Alekseev, JPCS Vol. 1468, 012156 (2020).

4 years of stable operation since October 2016

DANSS statistics accumulation
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» Initial calibration is done using cosmic muons
> Energy scale is fixed by ?B-decay, which is similar to e* signal we measure.
[We measure the positron energy, not the total prompt event energy]

» STEREO Gd(n,y) data set based on FIFERELIN library arXiv: 1905.11967
» Analysis of Michel electrons from muon decays
» Energy scale uncertainty estimated as 2% is added to systematical error.
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An optimization of cuts was done minimizing the relative error:

0

g _\/NU+NR—|—]{'O'NO Ny

N, N,

o — expected statistical error

N, — number of neutrino events after all cuts

and background subtraction

Nr — number of events of the accidental background
N — number of tagged cosmic induced events

E.=0.75-8.0 MeV

Edelayed

ke — veto “transparency” - 3°

=

. E
relative background rate from . ociayed

the reactor off measurements

Positron energy

dependent cuts on delayed
energy and prompt to o
delayed vertexes distance :
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13.8% of IBD @ top
(E.,=1.5-6 MeV)
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IBD candidates and
accidental background

Accidental background
IBD candidates

MC IBD Events
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Positron spectrum
Oct 16 - Feb 20, no long down @March19,Jan20 (mainA)

Up: 1405485 events 5099.2 + 4.8 / day [0.75-8]

200

Mid: 618820 events 4263.7 + 6.1 / day [0.75-8]

Down: 1495519 events 3571.1+ 3.3/ day [0.75-8] |

150

Bgnd Up: 117.8 £0.1 Mid: 122.0 £0.2, Down: 122.6 £0.1 [0.75-8] I

100
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Events / (day * 125 keV)

All backgrounds subtracted

Neighbor reactors at 160 m, 334 m, and 478 m, 0.6% of neutrino signal at up
position, subtracted
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Counting rate dependence on the distance from the reactor core
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[% B ¢ Difference x20
-
[«}] — - .
I 2000 Fit
- 1/R? Detector fiducial
B volume divided into 3
1500 — vertical sections
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Reactor power is measured by neutrino flux with 1.5% statistical accuracy in 2 days for 3+ years. ’
| Changes in absolute detector efficiency are known with accuracy better than 1% during 3+ years.

d Relatlve efflc:lency IS even more stable (<O 2%) because of frequent changes of detector positions.



The DANSS upgrade B

Main goal of the upgrade is to improve energy
resolution: 34%/NE — 15%/E;

New scintillation strips: 20x50x1200 mm?3;

60 layers x 24 strips — cube (120 cm)® — 1.7 imes " Transverse profile with 2-side SiPM readout
larger fiducial volume; ANV Ve Nl
No PMT — SiPM readout from both sides;
8 grooves with WLS, 8 SiPM per strip; 150
| TOF to get longitudinal coordinate in each strip;

200

Light output, pe

- Strip2 | ) i

= Measured light output: 64 p.e./MeV

P SN S a5

100 | . Expected 100 p.e./MeV with better PS l
= Up to 3 times more than in the DANSS |
50
—IISO 4507110(])110210 ISIOJ
- Distance, mm
New front end electronics — low power inside s H
§ passive shielding. Cool SiPMs to 10°C. R N;utrmo_4
I Keep platform, passive and active shielding, =k posmve
digitization. H
,; 50 i
5513 13 . 13*5> i
\ \ ; i
i - 1.5 years of data taking
Sensutlwty of Upgraded DANSS
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M

| dependence on fuel composition.

0 DANSS recorded the first data in April 2016 and is running now.

o With new analysis we record more than 5 thousand antineutrino
events per day in the closest position after subtraction of the muon

induced background about 90 events per day. |

0 Our data set is already nearly 4 million IBD events. e
0 We clearly observe antineutrino spectrum and counting rate|

o We measure reactor power with 1.5% precision in two days during |
more than 3 years of operation. : —
0o DANSS upgrade is planned with installation of new strips with SIPM =
only readout from both ends. This will allow:

O achieve better energy resolution;

o Get larger sensitive volume and increase counting rate.

See the next talk for the statistical analysis and
sterile neutrino search results

The detector construction was supported by the Russian State Corporation ROSATOM &=
(state contracts H.4x.44.90.13.1119 and H.4x.44.9B.16.1006). The operation and data

analysis became possible due to the valuable support from the Russian Science
Foundation grant 17-12-011450. The collaboration appreciate the permanent assistance
of the KNPP admlnustratlon and Radlatlon and Nuclear Safety Departments
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Inverse Beta-Decay (IBD) Ve +p— et +n

- SR H. Bethe and R. Peierls 1934.
Continuous ionization cluster > £'keines and C. L. Cowan 1953-56

K Fast (prompt) signaD

E,~E,— 1806 MeV

Delayed signal

Gamma flush in the whoD
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dom__, Detector of the reactor AntiNeutrino
swissibers  pased on Solid-state Scintillator

in grooves

Test fiber 1 80 HSOH 80 HZX.?O!

Gd-loaded PN Lw
/ reflector Copper frames CHB
/ (1.6 mg/cm2) (= internal part CHB |y H,
W of the shield) \_T
Te L]
-
.4 Sensitive volume:
SiPM polystyrene-based = I
(512825-050(:) scintillator strips /\ :
PS =< LT E
Th MPPC front- 3
To PMT(R7600UL300) ine detector (N end electronics | | — |
(cooled copper plate)
SnEaE I

== Strips along X and Y — 3D-picture 77
Y-Module

passage

X-Module
erelarelsrelsTelsre),
< (PR P
*Multilayer closed passive shielding: electrolytic
10 layers
=20cm fibers copper frame ~5 cm, borated polyethylene 8 cm,
= > lead 5 cm, borated polyethylene 8 cm
100 WLS fibers «2-layer active p-veto on 5 sides

SIS = *Dedicated WFD-based DAQ system

- Scintillation strips 10x40x100 mm3 with Gd- -Total 46 64-channel 125 MHz 12 bit Waveform
dopped coating (0.35%wt) Digitisers (WFD)

* Double PMT (groups of 50) and SiPM (individual) . system trigger on certain energy deposit in the
readout whole detector (PMT based) or p-veto signal

* SiPM: 17.7 p.e./MeV & 0.37 X-talk * Individual channel selftrigger on SiPM noise (with
* PMT: 15.9 p.e./MeV decimation) JINST 11 (2016) no.11, P11011
2500 strips = 1 m3 of sensitivevolume . e AL IR 1 T,
1ICPPA-20 . 'Dmitry Svirida & Igor Alekseev (ITER) for the NSS, ¢ollabo




Reactor WWER1000

Reactor vertical burning profile for
100% power during the campaign 4
2 —

Height, m

=] | K

= lad 15

35U 63.5% 44.1% 65.8% 43.9% 66.3% 45.6%

238y 6.7% 7.8% 6.9% 7.8% 6.5% 7.3%

239py 26.7% 39.3% 24.9% 39.4% 24.8% 38.6%
Rel. power, a.u.

241py 2.7%  8.6% 2.2% 8.6% 23% 8.6% .




» Trigger = digital sum of PMT > 0.5 MeV or VETO
» Total trigger rate = 1.1 kHz
» Veto rate = 400 Hz
» True muon rate = 180 Hz
» Positron candidate rate = 170 Hz
» Neutron candidate rate = 30 Hz

Trigger and events

Events

. > IBD rate ~ 0.1 Hz o
i » |BD event = two time separated triggers: 10°f ""'""""I';[')'C;'d'i;;t';;;:;'""'""""m 9 ;
» Positron track and annihilation | s+ accidental background
N o 5 m  Accidental background
- » Neutron capture by gadolinium i « IBD candidates =
. . . i MC IBD Events
» SiPM noise cut: ¥ . Cutat1us
> Bg- window =SS 0 RGeS0
» SiPM hits require PMT confirmation Time, us
- . +—N 4
BU|Id|ng Pairs Thermalization Capture

Positron candidate: > 0.5 MeV in continuous ionization cluster (PMT+SIiPM)
Neutron candidate: > 1.5 MeV total energy (PMT+SiPM), hit multiplicity >=3

. Search positron 50 pys backwards from neutron

Significant background by uncorrelated triggers. Subtract accidental background §
events: search for a positron candidate where it can not be present — 50 ps intervals
5, 10, 15 ms etc. away from neutron candidate. Use 16 non-overlapping intervals to
reduce statistical error. All phy5|cs distributions = events - accidental events/16




VETO ‘OR’:
o 2 hits in veto counters Muon Cuts
o veto energy >4 MeV
o energy in strips >20 MeV
o energy in two bottom strip layers > 3 MeV

Two distinct components of muon induced paired events with different spectra:

» ‘Instantaneous’ — fast neutron
» ‘Delayed’ — two neutrons from excited nucleus
x10° Time From Veto to Positron Candidate in Pair

i i

12
‘Muon’ cut : NO VETO 90 s §100
before positron LLI Total Energy from Positron Candidate ‘Muon’
| s o cut:
‘Isolation’ cut : NO any 80 g o0 Instantaneous t>90 s

12000
10000F-
8000F
6000f
4000f
2000f

component

triggers 50 ps before and
80 us after positron 60
(except neutron)

| ‘Showering’ cut : NOVETO 40
' with energy in strips > 300
MeV for 120 ps before 20 o, Delayed component

positron e ] =10 us
0 1 1 1 1 I 1 1 1

il AR AP PR B L P e ==
%2TET 5 /6 7 8 9 10
Energy, MeV
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Analysis cuts

Cuts — suppress accidental and muon induced backgrounds:
Fiducial volume - positron cluster position: 4 cm from all edges
Positron cluster has < 8 strips

Energy in the prompt event beyond the cluster < 1.2 MeV and there are < 12 -
hits out of the cluster

Delayed event energy is < 9.5 MeV and number of hits is < 20

Positron (cluster) energy E, dependent cuts on prompt to delayed cluster &
distance and delayed event energy:

Loplem] < 40— 17 - e~ 0-13-E¢
Lsp [cm < 48 — 17 - €_O°13.EZ
Ex[MeV] > 1.5+3.¢ 0135,

i For events with single hit positron cluster additional requirement of at least a
hit out of the cluster and the energy beyond the cluster > 0.1 MeV
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Li and 8He background ~ 4 events per day

-y 5o | 21 ndf 47.67 / 47
o { Const. 4.16 +0.03
B 5H °Li < 0.3429 +0.0809 | D
% i .9 9
5 4.8 — 4.4 +1.0 Events/Day
Lﬁ 4.6 - +
4.4 F +#*+ +
4.2 — + | ++ ™
- + + + + + +
3.8 = E_. .. > 800 MeV
3.6 gll_i Lifetime 257.2ms

0 0.1020304 05 06 07 08 09 1
t,s




