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Ratio of Observed To Predicted Reactor-v's

Reactor antineutrino anomaly

= Observed/predicted averaged event ratio: R=0.927x0.023 (3.0 0)
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SM-3 research reactor

FarsnenTy Vertical and horizontal
- sections of SM-3
reactor

* 100 MW thermal power
» Compact core 42x42x35cm
 Highly enriched 23°U fuel

* Separated rooms for
experimental setup

 The laboratory Is poorly
protected from cosmic rays




Reactor SM-3

antineutrino
detector

100 MW thermal power
Compact core 42x42x35cm
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Antineutrino detector in
passive shielding

Due to some peculiar characteristics of its construction, reactor SM-3 provides the most favorable conditions to
search for neutrino oscillations at short distances. However, SM-3 reactor, as well as other research reactors, is
located on the Earth’s surface, hence, cosmic background is the major difficulty in considered experiment.



The full-scale detector with liquid scintillator volume of 3 m? (5x10 sections)
have been prepared in NRC “KI” PNPI, Gatchina, Russia
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Movable and spectrum sensitive antineutrino detector at SM-3 reactor
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Energy calibration of the full-scale detector

Pu-Be neutron source

The source 22Na is
installed above the
detector at distance
about 0.8 meters and

22 Na- gamma source

The neutron Pu-Be source
irradiate about 16 irradiated all sections at once.
sections at once. PMTs This method has advantage
were normalized to one e < ™ relatively to using of internal
energy scale by sources.  The difficulty of
selecting voltage on calibration at energy 8MeV is
them. Simultaneous / that quanta from neutron
calibration of several capture by gadolinium can't be
sections is required. For absorbed in the same row.
all detector only 6 Therefore the detector

positions of the source : calibration should be
were used. “L e ——— SR i~ A ’ conducted on a diffuse edge of
Overlapping of the e e — e ——— ~ spectrum.
|rr§c!|ated _ segtlons - -l
unifies the calibration.
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Energy calibration of the full-scale detector
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In the left - ranges of sources. In the right - the calibration of gamma quanta scale.
Registration of positrons includes inevitable loss of a part of energy of 511keV gamma-quanta. Because of the
threshold of registration in the adjacent section we have to increase errors up to 250 keV.

It is the calibration which needs to be used at data processing.



(0.5114 0.142) MeV

Energy calibration of the full-scale detector
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Gamma background in passive shielding does not depend neither on the power
of the reactor nor on distance from the reactor
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The background of fast neutrons in passive shielding does not depend
neither on the power of the reactor nor on distance from the reactor

—=— Fast neutrons. Reactor ON.

— — = —* 121 —e— Fast neutrons. Reactor OFF.
Fast neutron flux 103stcm?, T g W
cosmic background level E T

=
= Fast neutron flux 9x10>scm™
. 4
outside (near reactor wall) =
inside
0 20 40 60 80 Y A I N A A S—
Reactor power, MW 6 7 8 9 10 11

distance from reactor core center (m)

The background of fast neutrons in passive shielding is 10 times less than outside.
The background of fast neutrons outside of passive shielding is defined by cosmic rays and
practically does not depend on reactor power.

11



Absence of noticeable dependence of the background
on both distance and reactor power was observed. As a
result, we consider that difference in reactor ON/OFF

signals appears mostly due to antineutrino flux from
operating reactor.
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ON

8-10 days

Measurements with the detector have
started in June 2016. Measurements
with the reactor ON were carried out

(ON — OFF)/ OFF

ON

for 480 days, and with the reactor = 90%
OFF- for 278 days. In total, the reactor
was switched on and off 58 times.
2-5 days ON 2-5 days ON 2-5 days
OFF 8-10 days OFF 8-10 days OFF

]y Jy

New detector position

| 1

New detector position

New detector position
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There is problems with energy spectrum therefore we proposed
the spectrum independent method of the experimental data analysis

Observed/Expected

1.6
1.4 1
1.2 4

1.0

ON-OFF Spectrum ( observed/
expected) of prompt signals
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| ! I ' I ! I
3000 4000 5000 6000
Prompt Energy (keV)

Spectrum ( observed/ expected) of
prompt signals in the detector for a
total cycle of measurements summed
over all distances (average distance
— 8.6 meters).

Expected - Monte -Carlo simulation
with neutrino spectrum of 23U, as
the SM-3 reactor works on highly
enriched uranium.
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L/E, =4

Probability of antineutrino disappearance |
N(E, L) eare
Number of N ~ ) .9 Am14[ev ]L[m] H : -
antineutrino P(v, —>v_)=1-sIn 2914 sin“(1.27 ) (1) =
events e e E{, [I\/IEV]
The spectrum independent method of experimental data analysis S
Re _ N(E, L)L, _ [1-sin® 26, ,sin®(1.27Am’, L, /E;)] _ R.”f( o
I, I,

K‘lgN(E'L |2 K—lK 1-sin22 in2(1.27Am?, Li / E;
> N (Ei, kL %[ sin“264sin“(1.27Am7, Lic /Ej)]

The method of the analysis of experimental data should not rely on precise knowledge
of spectrum. One can carry out model independent analysis using equation (2), where
numerator is the rate of antineutrino events with correction to geometric factor 1/L? and
denominator is its value averaged over all distances.

SR R (RG] = 22 i 26,15
| 15



. . 2 :
The results of the analysis of optimal parameters Am14 and 5|n2 2014 using ¥ 2 method

We observed the
oscillation effect at
C.L.99.7% (30)
In  vicinity of :

Am124 ~ 7eV/?

Sin2 2914 ~ 04
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Pe3ybTaThl aHAJIM32 HA ONTHMAJIbLHbIE NapaAMeTPhI Am14 u Sln2 261 4 MeTooM yd

AmZ,, eV?
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sin(29,,)

00,1aCcTh BOKPYTI IEHTPAJbHBIX 3HAYE€HUH B
JMHEHHOM MacIITa0e U ¢ 00JbIIUM
yBeJIM4YeHUuEeM

2

8

01 02 03 04 05 06 07 08 09 1
Sin(29,,)

LHEeHTPaJbHasl 00J1aCTh C elé
00JIBIINM YBeJIHYEeHHEM

17



. . 2 :
The results of the analysis of optimal parameters Am14 and 3|n2 2014 using ¥ 2 method

05 06
Sir’(20,,)

Area around central values in linear scale
and significantly magnified

Central part even further magnified
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It seems that the effect predicted in gallium and reactor
experiments Is confirmed, but at sufficiently large values

AmM?, ~7.35B° sin“ 20,4, =0.39+0.12

The mixing parameter appears to be large enough in
comparison with existing limitations from the Daya Bay
and Bugey-3 experiments, but the difference between

the results 15 0.19 -

- (0.18, 1.e. one standard deviation.

Therefore, there 1s no clear contradiction.



The method of coherent addition of results of measurements allows us

to directly observe the effect of oscillations
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AME, = 75B°

The expected effect at the different interval for distance
and for energy (right part of equation 2)
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The expected effect for the different energy resolution
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The first observation of oscillation of reactor antineutrino in sterile neutrino

A.P.Serebrov, et al.
A Observed, 24p, 500keV IETP Letters,
5 5 5 Volume 109,
. Issue 4
® — = ’
5 Am =7.34eV ,sin (20) = 0.39 o0 213221
E https://doi.org/
= 10.1134/50021364019040040,
- arxiv:1809.10561
~ 1.0 1
<
= :
3 The period
z. of oscillation
0.5 4 Am’=7.34eV?, sin’(20) = 0.39 ' /DoF 10.26/17 GoF 0.89 for neutrino energy
Unity y'/DoF 22.29/19 GoF 0.27 4MeV is 1.4 m
| ' | ' | '
1.0 1.5 2.0 2.5
L/E

v

23



https://arxiv.org/abs/1809.10561

Analysis of possible systematic effects

24



To carry out analysis of possible systematic effects one should turn off antineutrino
flux (reactor) and perform the same analysis of background data

I, (10%)

The spectrum for neutrino signal

100 —— 7.11m distance. Reactor OFF.

- and background signal are similar

I~ —— 7.11mdistance. ON - OFF. Normalized. .
sol therefore test for systematic

- fring sional effect have to be adequate .
60— — neutrino signa

- (On — Off) The problem of fast neutrons
s0| | | False event

B I—‘E Neutrino event
20_— '/

i background signal o
ol Lo LT L U L | e |

1000 2000 3000 4000 5000 6000 7000 8000
E

o

prompt: keV

Gd

Neutron scattering imitate neutrino reaction

25



Test of systematic effects

To carry out analysis of possible systematic effects one should turn off antineutrino

N(L, E}YN(L,E})ayerage

[
L |
1

—
-_—

=
e

flux (reactor) and perform the same analysis of obtained data

2 2

| e predicted. Am*=7.34eV, sin26) = 0.39
» Observed. Background. . 4 Rackground deviation
§ 024 » : ‘
3 ‘o ‘rl o ..
- ) I » r iy
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data analysis using coherent summation method
analysis of the results on oscillation parameters plane

Thus no instrumental systematic errors were observed. 6


https://pnpi.nrcki.ru/mail/?_task=mail&_caps=pdf%3D1,flash%3D1,tif%3D0&_uid=9209&_mbox=INBOX&_action=show#add

Additional dispersion of measurement result which appears due to
fluctuations of cosmic background

ON
ON 2-5 days ON 2-5 days ON 2-5 days
8-10 days 8-10 davs - av
OFF . OFF 8-10 days OFF
\ J\ Jy, J
| | |
New detector position New detector position New detector position
|
ON-OFF fluctuation distribution
50 Constant 49.98+2.94 G — 1 O 6 7 —I— O 03 8
Mean  -0.01409 £ 0.05147
0 Sema | MosT0%8 Since the measurements of the background carried out during

the annual scheduled reactor repair works, then total additional
dispersion is increased up to ~ 9%0.
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20 That is considered as systematic correction
of uncertainties of results of measurements
I AT ..o R and it results in decreasing of confidence

—_
L=

=l

That distribution has the form of normal distribution,  1€vel of the results to 2.80.
but its width exceeds unitby ~ 7%o. .



Sensitivity of other experiments NEOS , DANSS , STEREO and PROSPECT together with Neutrino-4

- T PROSPECT CL 95% Neutrino-4 CL 99% Neutrino-4
Neutrino-4 // = 5594 (CL, i /
10 95% CL \\ v & - , T 12_
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10
>
“ . « [ CL 90% STEREQ_~
NE'q 1 1 v oI , ] @ 8 .
< ] [ \ , : o [ f !
) ] ] ] T ] e — ; i - e ()
;)(;t:s,csL 5 : - 3 6_ /' < CL 90 ANSS
‘ .. ‘ ‘ P B / _— L e " .
pwos | [T v eos
0.1 ; N S S S U : S . S 4 , =
0.01 0.1 1 |
Sin2(2914) 2I(I|IIIIIIIIIIlIIIIIIIIIlllIIIIIIIIIIII
sensitivity regions of various experiments o1 08 08 04 B5 )0 O %809

(logarithmic scale) region of oscillation effect in linear scale.

Experiment Neutrino-4 has some advantages in sensitivity to big values of ~ Am;, owing to a compact reactor core, close minimal
detector distance from the reactor and wide range of detector movements. Next highest sensitivity to large values of Am124 belongs
to PROSPECT experiment. Currently its sensitivity is two times lower than Neutrino-4 sensitivity, but it recently has started data
collection so it possibly can confirm or refute our result. )8



Some advantages of experiment Neutrino-4

Experiment Neutrino-4 has some advantages in sensitivity
to big values of Am?, owing to a compact reactor core,
close minimal detector distance from the reactor and wide
range of detector movements. In total, the reactor was

switched on and off 58 times.



New measurements
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statistic distribution
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New measurements
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ON-OFF fluctuation distribution
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Here is twice statistic
because new measurements have been carried out
at short distance where signal background ratio is much better



The results of the analysis of optimal parameters Amf4 and  Sin® 20y, June 2016 — Julv 2019

S IR ~RI2 (aR3)7] - 7 (ein’ 26,8

10 :— o | ::::::::::::::::: ........ '_ - -Amf4 — 7329V2

% [ . TS SRR T O i 3 7 - - S L - - S L o L L 1
. O 00 0 1 S = sin’(26,,)

3 BT _ . .

s . Amg, =1.08eV
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qo2l_iiiil L il I A I

2 -1
10 si?(2,)  ° 1

Here is twice statistic. Effect of neutrino oscillation still live.
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Analysis of experimental data with two sterile neutrino

1.27AmzZ,[eV]L[m]
E, [MeV]
1.27AmzZ [eV4]L[m]
E, [MeV]

P(V, > V,)~1-sin?20,,sin?

Ta N2
—sIn< 20, sIn

2 ) _ 2 . 2 _
Am = 7.26, sin 2914 =0.23/Am . 1.23, sin 2915 =0.11




Am’ =7.26,sin’20 =0.23, Am’ _=1.23,sin’20 =0.11
14 14 15 15

Analysis of experimental data with two sterile neutrino

l —A— Observed, 24p, S00keV. July, 2019.
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Background -
- Space and time distribution
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Different part of spectrum
at the different distance

R/A background
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Distance dependence of intensity in different parts of neutrino prototype detector
spectrum (larger scale)
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The effects of atmospheric temperature and pressure on cosmic rays

—e — muons and soft component (12 - 120 MeV)

atm. pressure, mmHg

80 s>muons and soft component (12 - 120 MeV) --pressure
S o - 80 - 800
- sl A= A a
[ / o/
: | T l. o.‘o
o—e .\S \ I « 4 A9 = 5%
761 =+ X i ~
ooy’ t L
& ® J © ] .\ -
&
4 - 760
——
—e— muons (62 - 120 MeV) -
76 |
0
- 8% - 720
_|_ —_
U+ e ,e .y
— e —soft component (12 - 62 MeV)
72 680
21-Jan 21-Feb 21-Mar 21-Apr
date
- 14%

20.1 3.2 17.2 3.3 17.3 31.3 14.4



average
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{ —4A—Observed, 24p, S00keV. July, 2019.
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Here Is twice statistic. Effect of neutrino oscillation still live.
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average

N(L, E)/N(L,E)

average

N(L, E)N(L,E)

All data 2017 -2019 + background 20119

A Observed, 24p, S00keV. Dec, 2019.

15 Am’ = 7.26,sin"20 = 0.38
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0.5 4 Am°=7.34eV?, sin’(20) = 0.39 y’/DoF 10.26/17 GoF 0.89
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dverage

N(L, E)/N(L,E)

A Observed, 24p, S00keV. Dec, 2019.

Am214 = 7.26, Sinzze L= 0.38 All data 2017 -2019 + background 20119
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average

N(L, E)/N(L,E)

_ A Observed, 24p, 500keV. Dec, 2019.
All data 2017 -2019
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f— 1L Background (First run 2017 -2018)
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Am?,, eV?

All data 2017 -2019 + background 2019

AmZ,, eV®
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3.5 sigma

0.1 02z 03 04 05 06 07 08 09 1

sin’(26,,)
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First run 2017 -2018 All data 2017 -2019 + background 2019
2.9 sigma 3.5 sigma

~
o
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Future: Neutrino-6 experiment



Future: Neutrino-6 experiment

Neutrino
Laboratory No. 1 |
15 m- 5m
SM-3 reactor
2
Scheme of two detectors AS
]
AS AS \(active shielding)
1 [
. !Ql} —— Fe 10.cm
Neutrino — CHB 50cm
Laboratory No. 2 PMT 9354
(25X2)




Neutrino-6 experiment location

SM-3 reactor
core



Detector’s design.
Transport system

Rails, carts and platforms

borated polyethylene



Detector’s case
Transparent plex tank

Detector’s
design.
Models

Detector fully assembled

Calibration holes Scintillator filling hole

P N




Detector’s design.
Transport system

Inner cavities

Platforms
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Detector’s design.
Transparent tank




Detector’s design.
Case
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High Voltage Distribution System HVYDS3200
and active voltage-dividers




High Voltage Distribution System HVYDS3200

* Voltage adjustment 0...1500 V; 0.1%
* Maximum current 0.5 mA

 Current monitoring 0.1%
« Voltage monitoring 0.1%
« Stability (during 1 day) 0.1%




Active shielding

P
-
e
Ve
pe
7
S
Fr

Polysterene based scintillator
Optical fibers with SiPM are used
“Spectral” or “logical” operating modes



Expecting improvements of statistical accuracy for

Neutrino-6
C Increasing
s s accuracy factor
4 detectors 3x larger volume 1.6
Gd concentration 4x less accidental background 1.5
PSD 4x less correlated background 1.3

Total 3.1
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Possible conformation of our results

First of all there Is no large contradiction with
Reactor Antineutrino Anomaly
and Gallium Anomaly
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Ratio of Observed To Predicted Reactor-v’s

There 1s no large contradiction with Reactor Antineutrino Anomaly

= Observed/predicted averaged event ratio: R=0.927+0.023 (3.0 0)

=l
—h

NI R R 'M"""I BEEHUR AU

no oscillation Solar Neutrino
m—————— e — e oL b el Anomaly
U-B *
Gallium

(1968-2001)
Anomaly  Neutrino-4

—

—> v-oscillation

o
o

- 7\ J Atmospheric
— Neutrino Anomaly
06 Terra Incognita Reactor (1986-1998)
' to be explored Antineutrino - v-oscillation
— > 20 projects.... Anomaly (2011-)
0.5 -oscillation ?
0.aL L1l I Illllll‘ J IIIIIJI‘ L | IIIIII| | IlIlJII‘ L 1[Il I
0 10 100 1000 10000 100000

Reactor — Detector Distance (m)



Where our result can be confirmed or refuted ?

1. PROSPECT, STEREO, SoLID - can be....... because small size of reactor core.
2. DANSS -1t is difficult because big size (3.7m) of reactor core.

3. NEOS - 1t is very difficult because big size of reactor core and distance 24 m.
4. BEST - new measurements is going right now.

5. KATRIN, Troisk

The period of oscillation for Am124 ~7.35B” and neutrino energy 4 MeV is 1.4 m
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i V.Egorov DLNP JINR, Dubna
e (on behalf of the DANSS collaboration)

JINR ITEP

Dubna Moscow

DAPSS

Detector of the reactor AntiNeutrino
based on Solid-state Scintillator

Best Fit:

Ratio Dn/ Up
0.80 ‘ |
O.TB: Am2= 1.4 eV2, Sin%(20) = 0.05 T
0.76

e B s
0.701 Eff’:_ . )

0.68

0.66

0.64

0.62 . - . .
1 2 3 4 5

6 7
Positron Energy, MeV

Significance of the best regions

10 BF: 2.8¢
Am? \\\ “‘\
[eV?] \ \f
1 | T]1] g
R
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tl
01 'if#lect r
- kit
Up/Dn
only
0.01
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0.001

0.01

0.1

Feldman-
Cousins

Allowed:

B 99%cL
B 95%cL

B o0x%xcL
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MC simulation of experiment DANSS
and analysis of experimental data DANSS with two sterile neutrino

POSSlble 0.78 in220 =0.23 in°20 _=0.05
. . H=3.7 m sin"26 ,=0. sin“26, =0.
Co?fl;:fma{:tl(;n 0764 D=3.2m A, =65 eV: N\ Am;=1.4 eV’ experimental data DANSS
of effect o .
anti-neutrino 74 O O SIS —
oscillations £ MIC simulation
] E 7ol o/ I\~ of experimental data
with g © - ><;\ N } DANSS with two
@ -/‘/- \%‘}if /I\ sterile neutrino
2 2 g 070+ \ /+ %C
Aml4 ~ 7.33B 6:5 - ‘;xi_{
0,68 -
0,66 -
0,64 —
1 2 3 4 5 6 7

Positron Energy, MeV

67



10

2 2
140 €V

Am

Effect Neutrino-4

BEST experiment - Sensitivity Area 1

Am;, ~7.3eV?

...............

.........

in® 20,, ~ 0.33

10 ¢

Am“(eV?)

| SAGE + GALLEX + BEST ( *'Cr ) (0.807, 0.881) +
+ BEST (*°Zn ) (0.827, 0.781)

0'1 L 1 1 S R INY A N |
0,01 0,1

sin®(29)

FIG. 7. Allowed regions of oscillation parameters, built on
the basis of new data, in the case of combining the results of
SAGE + GALLEX with the result of BEST for two sources
(1Cr and %°Zn), which corresponds to the best fit point.



Experiment KATRIN and sterile neutrino from Neutrino-4

2 2 .
Am;, = (.26eV *, Sin?29, =0.38
> > Sin229, =4/U,, /2 (1-/U,, I?)
mﬂ :\/Zlml /UeI/ 214 14 14
, " <1
2 2
Amy, ~my, IU,, 12 z%Sinzzg14

(" )

m, = %\/7.3-0.38 ~0.87eV

\ J
1. There is no contradiction with restriction from experiment KATRIN - mﬂ <leV

2. If effect of N_eutr|n0—4 IS _correct | m. ~0.87aV
then prediction for neutrino mass is p




Brave ldeas
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Standard neutrino

normal

25-107eV? | amt B

o |
7.5-10%ev? | dm
Sl =mm

7.3eV?

Sterile neutrino

inverted

—




Two problems of fundamental interaction — baryon asymmetry of the

universe and dark matter
(left-right asymmetry in nature)
Sterile neutrino it is mirror neutrino — candidate for dark matter particle

Coexistence is possible, transitions are complicated

world

=7
1 mirror world coexistence N~6-1010
& ——
mirror particles particles annihilation!!
g
, : : Coexistence is not possible
mirror anti particles
antiparticles cp
CP - violation

mirror antiworld

antiworld

&>

baryon number violation

baryon asymmetry of universe



average

N(L, E)/N(L,E)

1.5 1

1.0

0.5+

4 (Observed, 24p, 500keV
o Ami=7.34eV7, sin2(29) =0.39

s }é‘ I
e "L{L Ko, i
R &

Am’=7.34eV’,sin’(20)=0.39 x'/DoF 10.26/17 GoF 0.89
Unity ¥'/DoF 2229119 GoF 0.27
T T T T T T
1.0 1.5 2.0 2.5
L/E
v

Thank you for attention

Best regards from Gatchina

4  Observed, 24p, 500keV. Dec, 2019.

2 . 2
Am’ | =7.26,sin°26 = 0.38

1.5
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=z 0.5 Am’=7.25¢V?, sin’(20) = 0.38 x’/DoF  17.09/17 GoF 045
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1.0 1.5 2.0 2.5
L/E,

Best regards from Dimitrovgrad
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JHepreTuyecKasi KaJIMOPOBKAa HA MOJEJIU OJHOM CeKIINNU

M1 ucnosib3yeM 3¢ GeKT MoJTHOr0 BHYTPEHHEr0 OTPAKEHUS CBETA HA IPAHMIE CHUHTHJLISTOP - BO3AYX IIPH
MAaJIbIX yIVIaX NaJAeHUus, YTOOBI YJIYUYIIUTH COOp cBeTa ¢ pa3HbIX paccTosiHuid. [loaTomy kaandpoBka MokeT
OBbITH Cle1aHAa, HCIOJIb3YH UCTOYHUKH, PACIIOJIOKEHHbIE CHAPYKH — HA/l IETEKTOPOM.

]
12 |
- volunfied with air -
- 511keV
10—
, / Rectangular B
8cm] | container with A
mirror walls % B
Plastic s o —— Na 30cm from PMT
Scintillator with y- w '
75 cm ' source 22Na attached -k Na 50cm from PMT.
4 —— Na 70cm from PMT.
Water Mirror bottom ol 1274keV
: 22Na
0 200 400 600 800 4000 1200 1400

channel



Energy calibration of the full-scale detector

(0.511+ 0.142) MeV E-E  +08MeV
v~ —promt .
100 — .
B 22 = |
i Na™ y-source s Pu-Be fast neutron source Pu-Be fast neutron source
80— O
[ 40?
- + 142 keV = L
60 3 30—
- el
B (1.274+ 0.217)MeV = ¢ -
40— 20— promt
- (2.2 + 0.276) MeV
20— + 217 keV 10: +276 keV
- Fod e 57000 2000 3000 3000 5000 3000 7000 50003003 10000
0— - T T 0 500 1000 1500 2000 2500 3000 energy, keV
0 500 1000 1500 2000 Energy, keV E E promt
Energy, keV E promt
promt

AE, | E,(2MeV) =21% AE, | E,(3MeV) =18% AE, | E, (6MeV) =14%

AE. (2MeV') = 440keV [ AE. (3MeV) =550keV/ ] AE. (6MeV) =830keV
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a) The ratio of an experimental spectrum of prompt signals to the 0.25=
spectrum, expected from MC calculations for 3 ranges (~2m) with centers - —— Average Spectrum
7.3m, 9.3m and 11.1m -
b) polynomial fit of results averaged by distance (red curve) 0.2~ — Expected Spectrum
1.8 4 - -
1.6 - a :é’; .
1.4 §0.15_—
| o
E 1.2 Ty) -
2 1.0 ~ /%;2 % - v%DoF =21.32/9
< 0s] }; % 01 —+-
% 0.6 - : B
= 0.4 —®— [‘ront (7.3m) = n
" { —e— Middle (9.3m) -
%27 —e— Back (11.1m) Proplems 0.05~
0-2000 ' 20]0{) ‘ 30'00 ' 4(;00 ' 50:00 ' 60100 WI th :
Prompt Energy (keV) L '
1.6 - P = energy IIII|IIII|IIII|IIII|IIII|II-|—.:|
_ b fioo 2000 3000 4000 5000 6000 7000
1.4 spectrum Prompt Energy, (keV)
1.2
f§ 107 Spectrum of prompt signals in the detector for a total cycle
o 0.8+ of measurements summed over all distances (average
c 0.6- distance — 8.6 meters). The red line shows Monte -Carlo
5 0.4 ® Average simulation with neutrino spectrum of 235U, as the SM-3
0.2 - reactor works on highly enriched uranium.
0.0 ] T T T T T T T T 1
1000 2000 3000 4000 5000 6000 7 7

Prompt Energy (keV)



Observed/Expected

Spectrum ( observed/ expected) of prompt signals

1.6
] T Problems
1.4 - with
I energy
1.2 4 spectrum
1.0
1 Spectrum ( observed/
0.8 - expected) of prompt signals
- in the detector for a total
0.6 - cycle of measurements
summed over all distances
T @
0.4 - Ave rage (average distance — 8.6
T meters). Monte -Carlo
0.2 - simulation with neutrino
* spectrum of 23U, as the SM-
] 3 reactor works on highly
0.0 " l " l T l ' J ' 1 enriched uranium.
1000 2000 3000 4000 5000 6000

Prompt Energy (keV) 73



« Sectioning of the detector The test with a source of fast neutrons
16
* Problem of fast neutrons

:
H

* Allocation of a neutrino signal AT s 0
': ""o"mw..... oo
The problem of fast neutrons 12—
False event 10:_ No effect for multi —section starts
Neutrino event E& 31‘.""""“%.‘.‘._.-_____ p
‘;;: - -l11‘11L-l1.‘1111_‘_1“‘_‘_““““‘
- el-

ast neutron
f I;_y_-"-!r,_-V-v-y.-vN-:r-:r.v.-v-T-.v:'1J-.v.-"q.“'-v-.v.v.!rqx.w-_y;“-ux-‘nqq_y.nr-vq_wﬂ,wﬂv

4r —e— Pu-Be.
B —— Pu-Be. Single start.
21— —— Pu-Be. Multi start.
Gd -
Neutron scattering imitate neutrino reaction ' 10 20 30 40 50 60 70 30 90 100

time, us

24 central and 16 side cells for full-scale detector ]
Experimental average

mm angular cell |in all cells percentage of multi-start

42% 29% 19% @ events for full-scale detector
Calculated percentage of multi-start events T (37 £ 4)% 79
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Independence of identification of effect of oscillations of a form of a neutrino spectrum
3 different ranges were chosen : 1) U-235, 2) Expetiment, 3) Monte-Carlo

A Observed, 24p, 500keV
expected, 24p, 500keV, U-235

x  predicted, 24p, 500keV, experiment
159 + predicted, 24p, 500keV, Monte-Carlo

ARl

H
**‘;w+* * J‘ "I—I—|

:' rl]_ —A—

Inexact measurement of energy_
influences to definition of: Amy,

N, E)YN@L,E)_. .

0.5 +

1.0 1.5 2.0 2.5
L/E

Apparently there is no difference. It also should not be because spectra are strictly canceled in formula (2)

N(E;, L)L, _ [1-sin® 26, sin*(1.27Am, L, / E;)]

REXP _ _ Rth
ik _1K _ , _1K . ., , - = Nk (2)
K %N(E,,LK)Lk K %[1—sm 20145INn (1.27Aml4Lk/E.)] a1



Analysis of possible difference in efficiency of rows of the detector,
using the background of fast neutrons which is given rise into the building from cosmic muons.

1400 - Selfshilding from
-\ fast neutrons inside
1000 __ deteCtor ,
j/;; {00 —_ -
§ 600 __ - -
200 —_ B background

The background of fast neutrons is asymmetric
because of structure of the building.

1
8
&)
N O
774 NSNS
. —

N

Active zone Antineutrino detector in
passive shielding

upper limit
50 less than 4804
20 -
10 = - &
0 - = = * L
10 = ]
. =0 .
= 30 ]
= i
g 40 -
= 1
é =50
-60 -]
70 .
-80 | background deviation
90 __
100 - . . . : - T T T T T
0 2 4 & 8 1o

row number

The dispersion on a background when moving the
detector is within the same 8%.

We use only 8 internal rows,
the first and tenth are protective. 32



Averaging of detector rows efficiencies due to movements (above estimation)

L(m) Numbers of detector row Average efficiency at various distances

6.4025
6.6375
6.8725
7.1075
7.3425
7.5775
7.8125
8.0475
8.2825
8.5175
8.7525
8.9875
9.2225
9.4575
9.6925
9.9275
10.1625
10.3975
10.6325
10.8675
11.1025
11.3375
11.5725
11.8075

20

=20 4
Average squared deviation ~ 2.5%

-40

deviation (%)

-60 -

-80 -
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U1 N0 © 00N OO0 ~NOOOWw~NO O~

'100 I T l T l T I T | T | T |
6 7 3 9 10 11 12

© 00 N0 OO ~NOO”OWWNOOOOWWOUONOGOOWWw~NoOOOobrWwWDN

0O NOWOoWOo P WNOAOPRAWNOODWWDNOORPAWDNWNDN

distance (m)
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WL rn:

N(L, E)YN(L.E)

Test of stability of the effect by means of removal of extreme positions

A Observed, 24p, 500keV, without lirst 2 positions
Am =7.34ev", sin>(26) = 0.39
1.5
Log 1 A I
X -l" %i l - %?l %’L :L “‘%ﬁ
| L +L lHlL
5 l
1.0 I.IS Z.II'I }‘.:5
L/E,
A Observed, 24p, S00keV, without last 2 positions
L eV in (20) =039
151 ]
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O 4 i . =
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4  (Observed, 24p, 500keV
Am2=7.34eV2, sin2(29) =0.39

0.5 4 Am’=7.34eV’, sin’(20) = 0.39 % /DoF  10.26/17 GoF 0.89

L .L
&Jl'“ Mok ol

Unity ¥’'/MoF  22.29/19 GoF 0.27
l.l(l . 115 I 2:0
L/E_
A Observed, 24p, S00keV, without first 2 and last 2 positions
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| | 1
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2.5

Conclusion

There is no reason to
consider that the effect can
be caused by structure of the
detector. The possibility of
averaging of efficiency of
various sections by placing
them at the same distance is
the advantage of our

experiment.
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Accidental background practically does not depend on reactor, but it is rather
big at low energies.

E —+—— 7.11m distance. Reactor ON. Exposition time 383h. Accidental background.
600 1— “~4~~ 711m distance. Reactor OFF. Exposition time 314h. Accidental background.
— T
[ 1
500 [—
s C ?
2 400—
x —
) —
& 300[— 7.11m distance. Reactor ON. Accidental background.
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e Integral 857.5
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Signal of correlated events

time of
arrival of the
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Theory of Neutrino Masses
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Neutrino mass

3 complementary methods to measure:

Method Observable curr. [V]  near/far [eV] pro con
Kurie /3 [Uei]? m2 2.3 0.2/0.1 T:l::::: ;LZi':ﬂ
Cosmo. Y . 0.7 0.3/0.05 N"I_fiH s
0w 33 S U2 ml 0.3 0.1/0.05 F“”hj'li;ﬁ:t* ”::fjli;

u _ Ve | -
; with 1, —~ mg Vversus ) with my = 107 7 m.

why so tiny?
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Why so different? <+ Flavor symmetries!
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