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Ratio of Observed To Predicted Reactor-v's

PeakTopHasi aAHTUHEU TPUHHASL AHOMAJIUS

= Observed/predicted averaged event ratio: R=0.927x0.023 (3.0 o)
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IHepuoa ocuMISIUN 1J1s JHEPrud aHTUHeHTPpUHO 4 M3B cocrasiasier 1,4 m

average

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

m  Observed, 24p, average (125, 250, 500 keV, 9%). Dec, 2019.
A Observed, 24p, 500keV. 9%. Dec, 2019.

1.8+ e Am?=7.25eV?, sin?(20) = 0.26
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Am’>=7.25eV?, sin’(20) = 0.26 x’/DoF 17.11/17 GoF 0.45
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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.
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IHoABMKHBIN M CHIEKTPAJIbHO YYyBCTBUTEIbHBINA IETEKTOP AHTUHEUTPUHO
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detector (5x10 cells) y
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Liquid scintillator detector
50 sections 0.235x0.235x0.85m3 7

Passive shielding - 60 tons Range of measurements is 6 - 12 meters



ON

8-10 days

N3mepenusi HaYaJIuCh B MoHe 2016
roga. Msmepenus ¢ peakropom ON
PoBOAMJIM B TeueHue 720 qHeit, a ¢

(ON — OFF)/ OFF

peaktopoM OFF - B Teuenue 417 nHeii. = 50%
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ON
2-5 days ON 2-5 days ON 2-5 days
8-10 days 8-10
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L/E, =4

N(E, L) BeposiTHOCTH UCUE3HOBEHUS AHTUHEUTPHUHO = 4
i) 2 y) o

Komnnuectso _ _ .9 .9 Aml A [eV ]L[m] = =/
AHTHHEHTPUHO P(Ve —> Ve) =1-sIn 2614 SIn (127 ) 1) = ]
COOBITHS E{f/ [MeV] .
CHeKTpaJIbHO-He3aBI/ICI/IMLIﬁ METOA aHAJIHU3aA IKCIICPUMCHTAJ/IbHBIX JTaHHDbIX z

UL L LI T T 1
01 2 3 4 5 6 7 8
E,. MeV

NG L)L [1 sin® 20, sin? (1.27Am% L, / E;)]

R exp _ Rth (2)

K‘lgN(E'L L2 K3 [1-sin22645in%(1.27AmZ, Lk / Ej
> N(Ei, L %[ sin-264s1in“(1.27Amg, Lk /Ej)]

Merton aHann3a 3KCIEPUMEHTAIBHBIX JTAHHBIX HE JOJKEH ONUPATHCA HA TOUYHOE 3HAHUE
criekTpa. MOXXHO IPOBECTU MOAEIbHBIM HE3AaBUCUMBIN aHAJIM3 C UCIOJIb30BAHUEM
ypaBHEHU (2), TJ€ YUCIUTEIb - CKOPOCTh COOBITUM aHTUHEUTPHUHO C MOIPAaBKOM Ha
reoMeTpuueckuil kKoapduiueHt 1/L2 a 3HaMeHaTelb - €ro 3Ha4eHue, YCPEeIHEHHOE 10
BCEM PACCTOSHUAM.

Z[(Re’(p Rtrl‘()Z/(AReXp)z] x°(sin®26,,,AmZ)

L/E, =



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

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

OxxupaeMbii 3QPEKT I PA3JTUYHBIX JHEPreTUYECKNX paspelieHUu 1eTeKTopa
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OsxxupaeMbiid 3QPeKT AJI Pa3JUYHbIX JHEPreTHYeCKUX paspelueHuil JeTeKkropa
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13 12
0.5 MeV

-
S}
1

114

°
o‘. 3 ;,
T ' X . 0.
i . .0 .' G b G
N i m It.mh,a-s-.%.m-m : pa3pemaninas crnocoOHOCTh
m Taete b - 110 SHEePTrum
J v it W 2
0,9_ [ []
g PR - 0.5 MeV
é o
w1 d 1 (HamI coayyan)
0,7 T T T T T T T T T T T T T T T T T
05 1,0 15 2,0 25 3,0 35 4,0 4,5 50 6 ) ! ' ' : !
13
LIE 12
0.75 MeV ]
1,2 1 X 114
oo
m‘é 114 . N 'o 104
%y $p
3 A . _ pa3pemamiias cCnocoOHOCTh
£ 107 aaReniper i vatyt oottt E
m DUt s g 9 o 3Hepruu 0.75 MeV
EI’ 094 .‘ .';,' : '
: y
o &
081 4 '
7_
0,7 T I T T T I I T T T T -
0,5 1,0 15 2,0 25 3,0 35 4,0 45 50 6 T T T T T

LIE



O0padoTKa IKCIIEPUMEHTAJbHbBIX JAHHbIX

Marpuna u3MepeHUd BKJIKYAET B Ce0 JaHHBbIC MOTOKA AHTUHEHUTPUHO
OT paccrosinusi ¥ 3Hepruum [N, , . OHa mpeacraBieHa 3JeMeHTaMH,
0003HAYAIOIIMMH PA3HOCTHBIH CHIHAJ B |-TOM HMHTepBaJjie JHEpPruii u
K-TOM UHTEpPBaJie PACCTOAHMN OT LIEHTPAa peakTopa. ITa MATPUIA JT0JIKHA
CPABHUBATHCH PACUYECTHOU MATPUIEH , NMPUMEP KOTOPOU MNPEIACTABJICH
panee. CpaBHeHHE IKCIIEPUMEHTAJBbHBIX Pe3yJbTAaTOB ¢ moay4deHHon MC
pacyéraMu MaTpuled MOKeT ObITH NIPOBEACHO UCIOJIb3YHa METOd XE

Z[(Rexp r|]<)2/(ARexp)2] Zz(sm 26’141Am14)
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2
Pe3ysbTaThl aHAIM3a TAPAMETPOB Am14 u

Mpb1 HaOIFOMaeM

3 hexT

OCUMJUIALAN TIPU

C.L.99,7% (3,50)

BOJIN3H:
sin? 20, ~0.38 .

10

-2
SIN 2914 HCII0JIb3YS Zz MeTOo/

;[(Rf)k‘p— Q)ZI(AReXp)Z] x°(sin® 26, Am2,)

Expected from
Neutrino-4
CL99.7%

%-Reactor anomaly -

5% Ci.

- Gallium aﬁomél |

95% CL

Excluded from
Neutrino-4

CL>99.9% CL
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HenTpaabHas o0aacth 3pPexra

8

01 02 03 04 05 06 07 08 09
sin’(20, )

Area of acceptable with 99.73% CL values of the parameters (yellow), area of acceptable with 95.45% CL values of
the parameters (green), area of acceptable with 68.30% CL values of the parameters (blue).
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average

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

Bce nannbie 2016 -2019 + ¢on 20119

| A Observed, 24p, S00keV. Dec, 2019. Ilepuon
U3 OCHUJLISIIIUHA
2 - 2
1.5 _ Am 14 = 7.26, Sin 2914 = 0.38 JIA 3HepFI/II/I
aHTUHerTpuHO 4 M»HB
| eg —|I rL"I" 1,4™m
® 1 1 %‘E
1.0 — } ﬁ ‘ ‘#‘ A.P.Serebrov, et al.
— T. s l—u I-I-I ’ F 4’% “ JETP Letters,
l + 1 Volume 109,
- 1 Issue 4, pp 213-221.
0.5 AmM’=7.25eV’, sin’(20) = 0.38 x'/DoF 17.09/17 GoF  0.45 | arxiv:1809.10561
Unity +'/DOF  27.98/19 GoF 0.08
| ' | ' | ' |
1.0 1.5 2.0 2.5

L/E
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https://arxiv.org/abs/1809.10561

Pe3yabTarhl aHAIM3A JAHHBIX € JHepPreTudecKuM HHTEepBajioMm S00 k3B, UT0 COOTBEeTCTBYET
IHEPreTUYECKOMY pa3pellieHHI0 JeTeKTopa (CHHIE TPeYroJbHUKH). Pe3yabTarsl aHaIM3a JaHHBIX C
ycpeAHeHUueM 10 JHepreTudyeckuM uHTepBagam 125keV, 250keV u 500keV (cuHue TpeyroJbHUKM)

m Observed, 24p, average (125, 250, 500 keV, 9%). Dec, 2019.

T A Observed, 24p, 500keV. 9%. Dec, 2019.
1.8 - e AmM?=7.25eV? sin?(20) = 0.26
16 — 500 keV
| Am’=7.25eV?, sin’(20) = 0.26 x’/DoF 17.11/17 GoF 0.45
$14- Unity x’/DoF  29.98/19 GoF 0.08
5
% -
ﬁ 1.2 - I—I—|I ! 1"1"
=4 | &° 4 ] j
= B
p—N 1.0 - [— — 4 i
U T
=|: 0.8 - N & iy ¥ 1
= ]
0.6 Average 125, 250, 500 keV
1 Am’=7.25eV?, sin’(20) = 0.26 x’/DoF  19.86/17 GoF 0.28
0.4 uUnity x’/DoF 31.93/19 GoF 0.03
| ' | ' | ' |
1.0 1.5 2.0 2.5

L/E y



Pe3ysbTaThl aHAJIM3A JAHHBIX C JHEPreTHYEeCKUM
uHTepsasaom 500keV
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3aBUCHMMOCTH AHTUHECHTPUHHOIO MOTOKA OT PACCTOAHUSA 10 AKTUBHOM 30HBbI

I (10°s) 192 |

30

25

20

a - NpAMAas IKCHEePUMEHTAJIbHAA 3AaBUCUMOCTb,
D - HopMaJIM30BaHHAN YKCIIEPUMEHTAJbHAA 3aBUCHMOCTb,
C - KpUBas KOJCOAHUH C IKCIIEPUMEHTAJIbHBIMU pPe3yJbTaTaMU B Juana3zone 6-12 m.

g ON - OFF flux
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PeakTopHasi aHTUHEHTPUHHASA AHOMAJIUA ¢ KPUBOM OCHUJIISIININ U3 IKcnnepuMenTa Heilltpuno-4

M T T TIIIMTTTHHI EERLLLE.
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AHAJIU3 BO3MOKHBIX
cucTeMaTu4eCKuX 3P (PeKToB
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JlJisl IpoBeIeHNsl AaHAJIN3A BO3MOKHBIX CHCTEMATHYEeCKHUX 3(P(PEKTOB HYKHO BBHIKJIIYUTH
IMOTOK AHTUHENTPUHO (PEAKTOP) M MPOBECTH TAKOM K€ aHAJIU3 (POHOBBIX JAHHBIX

CrexkTp 1Jisl CUTHAJIA AHTUHEUTPUHO U
— = 7.1imdistance. Reactor OFF. (bOHOBBIN CUTHAJ AHAJOTUYHBI.
Ilo3TOMY HCIBITAHUE HA
cUCTeMAaTHYEeCKUU dPPeKT
NOJI2KHO OBITH aICKBATHBIM.

100

——— 7.11m distance. ON - OFF. Normalized.

80

T eo neutrino signal
T L (On — Off) The problem of fast neutrons
40_— | False event
B |_,'—| :
- F— Neutrino event
20— U/
- background signal i
N TN T AN U I T T U T U Y YT TN Y SNEN s e N N YN AN N
00 1000 2000 3000 4000 5000 6000 7000 8000

E keV

prompt’

Gd

Neutron scattering imitate neutrino reaction
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UcnpiTaHue HA CUCTEMATHYCCKUHA YD PeKT

JIJ11 mpoBeieHUsI AHAJIMU3Aa BO3MOKHBIX CHCTEMATHYECKUX 3P (PEeKTOB BLIKIIYUTH
MOTOK AHTUHEUPHUHO (PEaKTOP) U NMPOBECTH TAKOM Ke aHAJIU3 (POHOBBIX JAHHBIX

s Observed. Background.
T
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T
e
an '_Il::"";_l—iq e
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L0 15
LEE

data analysis using coherent summation method
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JIOMOJIHUTEIbHAS AUCIIEPCUS Pe3yJIbTATA U3MEPEHHUs, BOSHUKAKIIAA U3-32
KoJIe0aHU KOCMUYeCKOro oHa
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OFF
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fax
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Jy J
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New detector position

New detector position

|

B |
B ON-OFF fluctuation distribution
:_ Constant 48.98 + 2.94

B Mean  -0.01408 +0.05147

:_ Sigma 1.067 £0.038

B 1 | | | | | |

6 -4 -2 2 4 6

|

New detector position

o =1.070x=0.045

JTO pacnpeaejieHue umeet Gpopmy
HOPMAJILHOTO pacnpeaesieHusi, HO ero
INAPUHA NPeBbIIAET eAMHUIY Ha /%0
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CpaBHeHuMe pe3yabTaToB dKcnepuMenTa HenTpuHo-4 ¢
PEAKTOPHOU M IAJIJIMEBOU AHOMAJIUAMU

CpaBHeHHe C pe3yJbTaTaMM APYIrUX IKCIIEPUMEHTOB HA
HCCIea0BaTeJbCKUX peakTopax u AJC

CpaBHeHuMe pe3yabTaToB dKcnepumMenTa Hertpuno-4 ¢
pe3yJbTaTaMHU IKCIEPUMEHTOB HA YCKOPHUTEJIAX

MiniBooNE u LSND

24




PeakTopHasi aHTUHEHTPUHHAS AHOMAJIMSA C KPUBO OCHMJLISAIMA U3 3kcniepumenTa Hellrpuno-4.
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CpaBHeHMe pe3yJbTaToB IKCepuMeHTa HeldTpuHO-4 ¢ PEAKTOPHOM M raJIJIMeBOM AHOMAJIUAMM

Reactor Neutrino-4 Gallium
anomaly anomaly t

08

. 2 .
sin"26, , Gallium anomaly

sin°2e,,, Reactor anomaly
sin°2e,,, Neutrino-4

sin?20| 0.13+0.05 | 0.26+0.09 | 0.32+0.10
(2.60) (3.00) (3.20)

06
0.4

02

0.29 +0.07 L
(4.30)

0.19 + 0.04 (4.60)

Combination of these results gives an estimation for mixing angle
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CpaBHeHUe ¢ pe3yJibTaTaMu APyrux

Neutrino-4
3KClIepI/IMeHTOB Ha HCCJICAOBATCIBbCKHUX STEREO

peakropax u AI9C

— T Neutrino-4
.. result
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-

04—

- ’ 90% CL

Neutrmo 4
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OSPECT% ]
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~sin©20

CpaBHeHMe pe3yabTaroB 3KcnepuMenTa Neutrino-4 ¢ pe3yjbraraMu 3KCIIEPUMEHTOB HA
yckopureasx MiniBooNE u LSND

0.00

0.000
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4

.

Jex §_§/§\§/ il
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0. 005

40,000

0.005

0
0

20

~|U _I"sin®

_ 2
sin?20,,, = 4|U,4| U4l

sin®20,, ~ 4|U4|*

|U,.4]* <102 at 99% CL.

|Uu4|2

= 0.005

2
;2 _ ;2
sin“20,, = |Uu4| sin“ 20,

|

MiniBooNE

|

Neutrino-4
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. MiniBooNE f edtmo g The black line shows the MiniBooNE CL 68%
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CpasBHenue ¢ 3xcnepumMeHTOM KATRIN nmo uzmepeHuro

MAaCChl HCUTPUHO

m, =J=m? /U, /? sin?26,, =4/U,, I (L-1U,, I?)

AMy, =My, U, P ~ Zsin? 20, U, I <1

4
mg ~+7.26-0.19/2 ~ 0.6 eV

BbruncieHHass Macca HEMTPUHO He MPOTHBOPEYHUT OTPAHUYEHHMIO HA MACCY HEMTPUHO,
nosrydennomy B dkcnepumente KATRIN Mg = 1leV

bosiee TOro, pesyjabrarbl ONpeaeJieHHs] NMapaMeTPOB CTEPHJIBHOIO0 HEMTPHHO
AeJalT BO3MOKHBIM IpeaAcKa3aTh 3HAYeHHE, KOTOpPOoe MOKET ObITh NMOJIy4YeHO B
ykcnnepuMmente KATRIN
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IloaroroBka HOBOIro 00Jiee TOUHOI'0 IKCIIEPUMEHTA

Neutrino
Laboratory No. 1 |
1Sm-5m
SM-3 reactor
2
Scheme of two detectors AS
I —
AS AS \(acftive shielding)
1 I
. !Ql} —— Fe 10cm
Neutrino — CHB 50cm
Laboratory No. 2 | PMT 9354
(25X2)
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O)KI/IJ]aeTCH NMOBLINIEHHUE CTATUCTUYECKOU

TOYHOCTH
m
q 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 @
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3aKkJII0YCHHUEe

Bnepsbie HA0IIOAEH 3PP eKT OCHUIIANUNA JTEKTPOHHBIX AHTUHEHTPUHO
B CTePUJIbHbIC HCUTPUHO

Am?, ~ 7.25 + 0.13eV? sin? 20,, ~ 0.26 + 0.08 (3.00)

1.2 — v Vi

) A
1 o® F _:I+ i é -
iﬂ{f yate i

0.8

O0benuHeHne pe3yJabTaToB IKcnepuMenTa HeTpuHo-4, peakTOpHOM M rajijineBou
AHOMAJIMH JA€T OL[EHKY HA YIroJl CMeIIMBAHUS sin® 20,4 ~ 0.19 + 0.04(4.60)

N3 31X 3HAYCHUH TAPAMETPOB OCHUJLJISIAUA MOKHO CAeJIATh OLEHKY HA MACCY
JIEKTPOHHOI'0 HEUTPUHO
P P mg ~ 0.6 + 0.8 eV
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average

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

Croacu6o 3a BHUMaHHUE

15 4 Observed, 24p, 500keV
= - AmI,=7.34 eV", sin“(20 ) =0.44

-
o
1
-
L)
I_’._—‘&—F
A 2
}:_‘_.t
o]

AmM'=7.34eV’, sin’(20) = 0.44 ¥ /DoF  10.12/17
Unity

0.5 -

GoF 0.90
L /DoF  22.29/19 GoF 0.27

T T T
1.0 1.5 20

T
25

Best regards from Gatchina

A Observed, 24p, 500keV. Dec, 2019.
2 . 2
1.5 Am’, = 7.26,sin’26 = 0.38
< ]
—_— o —|I rL"I“
I.IJ“ ® { d J_
i TA _
= 0] P ‘{4 I 1 7 )
§ '_J_?| ol "y F 14 B
o + 1
=)
= 2 2 .2 2
0.5 | AM’=7.25¢V’, sin’(20) = 0.38 y*/DoF  17.09/17 GoF 045
Unity x/DoF  27.98/19 GoF 0.08
T T T T T 1
1.0 1.5 2.0 2.5

L/E,

Best regards from Dimitrovgrad
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Back up



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



JHepreTuvecKasi KaJMOPOBKAa HA MOAEJIN OAHOMN CeKIINHU

MpbI ucnoJib3yeM 3(pPeKT MOTHOI0 BHYTPEHHEI0 OTPAKEHUSI CBeTAa HA TPAaHUIE CHUHTHJLIATOP - BO3AYX NMPH
MAaJIbIX yIVIaX MAJAEeHUsA, YTOOBI YJIYyUIIMTH COOP cBeTa ¢ pa3HbIX paccTossHui. [loaTomy kaandpoBka MokeT
OBITH c/1eJIaHA, MCIIO0JIb3YH HCTOYHUKH, PACIIOJIOKCHHBIE CHAPY/KH — HAJl AETEKTOPOM.

12—
- volume filled with air -
ol | | 5likev
Rectangular B
8cm| | '14 CM_~ container with . sl
14}
mirror walls § B
Plastic —— © 6 ——— Na 30cm from PMT.
Scintillator with y- o Na 50cm f PMT
: —~ ° —— Na 50cm from .
75 cm source 22Na attached -
4 —— Na 70cm from PMT.
Water Mirror bottom 2 1274keV
: 22Na
0 200 200 600 800 1000 1200 1400

channel



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 %; :
1.4 50.15_—
B 1.2 ~ HS.» - 2
g 1.0 ~ /%( [ X /DoF = 21.32/9
3 081 ..\_:;?é’i( % %5 01— =
% 0.6 : -
= 0.4 —®— [‘ront (7.3m) = n
02] —o_ y;g]flg ﬁ?ii{g) Problems | o5
0-2000 ' 20]0{) ‘ 30'00 ' 4(;00 ' 50:00 ' 60100 Wi th B
o Prompt Energy (keV) energy T . ==
] b fhoo 2000 3000 4000 5000 6000 7000
1.4 SPECtrum Prompt Energy, (keV)
1.2 4
f§ -0 w&# Spectrum of prompt signals in the detector for a total cycle
o 0.8 of measurements summed over all distances (average
= 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

1000

T v T T T T T T 1
2000 3000 4000 S000 6000 42
Prompt Energy (keV)



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

16
* Problem of fast neutrons :
- - - __.. ..,..
e Allocation of a neutrino signal 14T e o
f mf“w....m
The problem of fast neutrons 12—
False event ~  No effect for multi —section starts
™ 10__
Neutrino event 3 8;*"““‘*%“,‘__‘“
'l-‘;i _ :‘:‘1—_‘_‘1‘""“‘1—‘ bk hedey g ke goboy
fast neutron 6 ;“‘",_“_,‘,“y.,v",v,vv"v"",u-v-v-v-v-v-:r-v-v."ev.vvh
4; —e— Pu-Be.
B —s— Pu-Be. Single start.
21— —»— Pu-Be. Multi start.
Gd L
Neutron scattering imitate neutrino reaction ' '_Ilo' = '2|0' H '3|0' = :4'0' '.' '5|0' H 'Blo' = '7|0' = '3|0' - 'glo' : '1'00

time, us

24 central and 16 side cells for full-scale detector i
Experimental average
n a“ cells oercentage of multi-start
0 0} 0}
42% - Lo events for full-scale detector
Calculated percentage of multi-start events  ) (37 + 4)% 43




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

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

oL % .
e T ORIy VN e 3 -+
| \"*m%**g tJ‘ j '%'”}Ji# i HLH*::“F f s~—-+*

:' rl]_ —A—

Inexact measurement of energy_
influences to definition of: Amg,

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;)]

RIK = =R" @

K‘lgN(Ei Ly L ) K‘lg[l—sin2 26148In(L.27AMZ, L /Ej)]
% ’ k " 4 44



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.

100 Selfshilding from
1200 \ fast neutrons inside
1000 __ deteCtor f
:,a 300 — -
§/ 600 —| - -
200 —_ B background

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

|
J E | 23000 é] [
[l 5 . 1 —
000

Antineutrino detector in
passive shielding

Active zone

deviation (%)

30
20 -
10 —

O

-10 .
20 .
-30 J
10 .
-50 .
rete) .
70 .
RO .
—00 .

upper limit
less than 4804
-— —a L = = & g -
C ] L
- background dcviation

-100

row numbcr

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. 45



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 4

deviation (%)

-60

-80

AP WO WOWDNMNOORMODNOOPMWDN

U1 N0 © 00 N0 O 0o ~NO”OOoWw~NO O

'100 I T I T I T I T | T | T |
6 7 8 9 10 11 12

© 00 N0 ©O~NOO”OWOoWWNOOOWw~NO”TOWOWwNOoO o PrwWwN

00N OO A WNOOPSWNOODMWDNOORWODNWDN

distance (m)
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N(L, E¥YN(L.E)

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

& Observed, 24p, 500keV, withoul first 2 positions
- AmI=7.34ev7, sin (20) = 0.39
1.5
Ll o 1
od ¢ -L '-li'l _;"‘ .?%F%%%E%ﬂ_.d-j i‘t—%
I o L LR S
L ! !
15
1.0 1 2:“ 2:5
LIIFE\..
A Observed, 24p, 300keV, without last 2 positions
CAm=n eV sin (20 =029
1.5
:
,.-\g L LFI% LLl
[j E ! qiL Jt ?'I* %1{} 'I 1-1—1 l—-\— %
- 1014 . 1 "' A - -'ﬁ- 41' .. _.t'— 3 %‘_ -
A R TN N
3} ". l*' ‘i:, 4 J_‘I -
. A J_ J . E
3 J J ]
z,
05
| T 1
1.0 15 A ?

LE,

05

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

average

4 Observed, 24p, 500keV
2 2 .2
s Am =7.34eV ,sin (20) = 0.39
1 "Ll_' ?{ll F klﬂ
wf b aifﬁp& P4
-~ ! ®
| o, ¥ L1
l 1
0.5 4 Am*=7.34eV?, sin’(20) = 0.39 y/DoF 10.26/17 GoF 0.89
Unity 2/DoF  22.29/19 GoF 0.27

T T
1.5 2.0

T
1.0

L/E

& (bserved, 24p, 500keY, without first 2 and last 2 positions

. .ﬂ|||1=7_14::\"3, sinzllﬂ] =03

L0

25

Conclusion
There 1S no reason to

consider that the effect can
be caused by structure of the
detector. The possibility of

averaging of efficiency of

the advantage of our
experiment.

various sections by placing
them at the same distance Is
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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 — 4= 7 11m distance. Reactor OFF. Exposition time 314h. Accidental background.
— !
[ 1
500 —
s 2
2 400 —
X —
) —
& 300{— 7.11m distance. Reactor ON. Accidental background.
D | —
= - Integral 857.5
200 - 7.11m distance. Reactor OFF. Accidental background.
— Integral 743.8
100 —— .
o= T / gl
0 1000 2000 3000 4000 5000 6000 7000 8000
Energy, keV

Threshold for delayed coincidences 3.2MeV
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Signal of correlated events

time of
arrival of the

~ +
Eir;r:gft second delayed signal V e + p % e + n Y

impulse

[

—— > Ve
time window
10 us 100 ps
Sum amplitude start/stop - square/triangle Time Spectrum
start 1500 - 4500 (3.0MeV -9.0MeV) | - Entries 4706
B Entries 4706 80— Integral 2245
stop 1500 - 6000 (3.0MeV - 12.0MeV) ¥ Indf  76.97/143
Integral 2302 ; p0 5.251+£0.239
70H p1 99.06+ 3.48
10 i B
2 [ ‘ reactor ON. 6.3m - 60¢ Sum(-backgr) 0 - 100mcrs 1347 + 31
—_— [~ = —
s o
X Q [
% i 20,01, 28.04, 03.02 ESO_
2 | oz N
< 2401
& | o F Sum 0 - 100mcrs 1649 + 28
= S 30f
101 20F
i 10F
\III|IIII‘IIII|III\|IIII|II\I|IIII|IIII|IIII|IIII|IIII “ 0:|| (| || L1 1 || (| || |||| i

0123456 7 8 9 10 1112 50 100 150 200 250 300
energy, MeV time, mcrs



SM-3 research reactor

EEEE Vertical and horizontal
« 100 MW thermal power " sections of SM-3
reactor

» Compact core 42x42x35cm
 Highly enriched 23U fuel

 Separated rooms for
experimental setup

 The laboratory is poorly
protected from cosmic rays
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The source 22Na is
installed above the
detector at distance
about 0.8 meters and
irradiate  about 16
sections at once. PMTs
were normalized to one
energy scale by
selecting voltage on
them. Simultaneous
calibration of several
sections is required. For
all detector only 6
positions of the source
were used.

Overlapping of the
irradiated sections
unifies the calibration.

Energy calibration of the full-scale detector

Pu-Be neutron source

22 Na- gamma source

b - e - ey - —- -

’
BN T S =S ST F =18 XS

The neutron Pu-Be source
irradiated all sections at once.
This method has advantage
relatively to using of internal
sources.  The difficulty of
calibration at energy 8MeV is
that quanta from neutron
capture by gadolinium can't be
absorbed in the same row.
Therefore the detector
calibration should be
conducted on a diffuse edge of
spectrum.
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Energy calibration of the full-scale detector

200 | | | | ‘ ;
| 8000— ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —
180 - i —— Pu-Be neutron source ] E[keV] = '162 +2, 53 X[Channel] |
: -~ *Na 0004 i
160 ~ 1 | | | | : |
. e R e S
140 4 | 3 3 : : : :
- 111 511 keV e
% 120- '\ 2Na é)/
=z <
& 100 |4 Z 4000
< 1 S L R O R T
“» 80 i 1 A A N B
2 )ik 1274 keV 2200 keV 8000 keV 1 3 | 3 3 3 |
604 | 1§ np,dy Gd ny 2000 o N R
111t ' 1 ‘ i i i i i
404 14 1000 - A oo e
111 11 - - | |
01 ———
o] 0 500 1000 1500 2000 2500 3000 3300
L B e S B LA S S SR S B S S S . a—
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 x (channel)

E, keV

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.
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Energy calibration of the full-scale detector

(0.511+ 0.142) MeV E—E _ +0.8MeV
v~ —promt :
100 — =
L 20 — L
- Na™ y-source 50; Pu-Be fast neutron source Pu-Be fast neutron source
80— L
= 40?
L + 142 keV b
60 3 30
< 30r
- (1.274% 0.217)MeV = & c
40— 20j promt
: (2.2 + 0.276) MeV
20— + 217 keV “r 276 keV
- S e S 1o 2000 3005 4008 5000 'son 7005 s0be 500010008
0 _ L AR IR T SO T AN TR SO SO W R R SR 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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I (s"channel™)

Gamma background in passive shielding does not depend neither on the power
of the reactor nor on distance from the reactor

10 -
OMW reactor power
14 90MW reactor power
: OMWt 90 MWt 1 Reactor power 90 MW
. 1-255 16.9 17.4
L 43-255 35 3.8 )
- T |63-255 0.6 0.8 > 01
l. - 2 * L=10,48m
- (=]
0.014: Q
1 ~
[ -w.. 2 001
1E-34 H%‘m - s%ﬂﬁ: .
] [ . * * S, m
* A
I I I L 1 ¥ T 0.001 T T T T T
0 50 100 150 200 250 0 1000 2000 3000 4000 5000
channel E, keV

6000
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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

—a— Fast neutrons. Reactor ON.

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

=
= Fast neutron flux 9x10>s'cm
. v 4 |
outside (near reactor wall) =
inside
0 20 40 60 80 o0— -
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.
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BEST experiment - Sensitivity Area

Am?, ~7.3eV?
Effect Neutrino-4 M ©

sin® 20,, ~ 0.33
10 %
e ;
o § ¢
3 4 L
-
o QO
DANSS90%
NEOS 90% .« N
A I L B B
10" Solar

sin’(26,,)

The BEST experiment started in
August 2019 in BNO has good
sensitivity at Am?, > 5eV? area

1

There is combined analysis of Neutrino-4 result and BEST potential
In case of gallium anomaly confirmation in this experiment

10 ¢

RY Barinov, V. Gavrin,
" V. Gorbachev, D.
Gorbunov, and T.

- Ibragimova, Phys. Rev.
- D 99, 111702(R)

- (2019)

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

0'1 1 1 1 L 2 o 220 2 L L L g _w-g-
0,01 0,1 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
(5ICr and °°Zn), which corresponds to the best fit point.



