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IIpsimoe HaOoaeHue 3pdexTa ocHMIAINN B IKCnepuMenTe HeldTpuHO-4 110 NMOUCKY
CTePUJIHLHOIO0 HEUTPHUHO

A.P. Serebrov, et al. PHYSICAL REVIEW D 104, 032003 (2021) Ilepnox ocrmmsumi
JUIA DHEPT U
16 Average 125, 250, 500 keV HeﬁTpHHO 4 M3B
' Am’=7.3 eV’, sin’(20) = 0.36 y'/DoF  20.61/17 (1.21) GoF  0.24
" Unity leDoF 31.90/19 (1.68) GoF 0.03 COCTABJIACT 1’4 M
1.4 -
E: 1.2 A.P.Serebrov, et al.
< JETP Letters,
104 Volume 109, 2019
z . + Issue 4, pp 213-221.
0.6; JETP Letters,
: : : : , Volume 112, 2020
10 -2 D Issue 4, pp 211-225.
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biarogapst 0coO€HHOCTSIM KOHCTPYKIMK peakTop CM-3 obOecnieunBaeT HanOosee OJaronpusiTHLIE YCIOBUS
JUIs1 TOMCKA HEUTPUHHBIX OCHUIIALUNA Ha MaJibIX paccTosiHuAX. OqHako peaktop CM-3, Kak U Apyrue
HCCIICA0BATEILCKUE PEAKTOPHI, HAXOAUTCS HA MIOBEPXHOCTH 3€MJIM, ITIOATOMY KOCMHUYECKHUN (DOH SIBJISICTCSA

OCHOBHOM TPYIHOCTBIO B paCCMaTPUBAEMOM SKCIIEPUMEHTE.

4



IloaABMKHBIN CIEKTPAJIBLHO-4YBCTBUTEIbHBIH 1IETEKTOP AHTUHEHTPUHO Ha peakTope CM-3

Kanan Jlemexkmop
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Haccusnas 3awuma - 60 momnn Juana3zon uzmepenuit 6 - 12 mempoe.
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N(E. L BeposiTHOCTH HCYE€3HOBEHUSI AHTHHEHTPUHO by L
( R k) 2 2 11
10+
4ynucno _ _ _ 2 . 2 Am14[ev ]L[m] o]
aHTUHEUTPUHHBIX P(Ve —)Ve) =1-siIn 2914 SIN (127 ) o [BEEEERE -
cO6bITHIA EQ[MGV] . 7 AEmaE==s
~ 64
CrnexkTpajbHO-He3aBUCUMBIN METO AHAJIU3A IKCIIEPUMECHTAJIbHBIX JAHHbIX ) 5
4 4
2 ) ) 2 :
oo NELILG  S(EEENL-sin® 24, sinL.27Am, L /E)] R 5
ik =K o LK - ) =Nk
KFEN(E, L S(E)E(E)KTE[1-sin? 2614 sin?(1.27Am7 L /Ej)] O
k k 012 3 456 7 8
3HaMEHAaTeNb 3HAYUTEIBHO YIIPOIIACTCS IIPU AUAMTA30HE PACCTOSHUN U3MEPCHUS, Lo VY
3HAYUTEJBHO MPEBBIIIAIOIINM XaPaAKTEPHBIW NEPUO, O CLAILIISLIAM: Meton
&(E) - Detector efficiency ronorpagm?ctm:e:og?a?;clv?i?o?nﬂuwm CTOREHIE
ucnonb3yer BaxHeriLee CBOHCTBO N1a3epHOro JAHHBIX C
1 — sin? 20, sin2(1.2 7Am%4Lk/E,;) U3NYy4eHUA — ero KOrepeHTHoCTb OIMHAKOBOM
Rf;}cl ~ — > 1 CBeToBad BOSHA MY OTPaXeHI oT obbekTa (1)330171
1—-1/2sin” 26,4 914=0 USMEHAET HE TONbKO AMIAMTYAY, HO 1 hasy B )
COOTBETCTBMU CO CBOVICTBAMM NOBEPXHOCTH FOJIOFp a(l)l/lfl.
06beKTa B JAHHOI TOuKe.
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Pesy/1bTaThl aHAIN3a ONTHMAJIbLHBIX Tapamerpos AM,, 1 SIN°20;,, nenoan3ys A v ™Meton

h :
] [(REF ~ R T (ARSPY = Ay (sin® 26, Am,)
MpbI HAOJTIOTAEeM I
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3PPeKT OCHUIIAINA :
2.9 O B OKpecTHOCTH i Expected
i from

L L 5 ' E ' CL99.7%

AmZ, ~ 7.25eV?

nomal

L / Excluded from

P N 5 Neutrino-4

T -, S CL>99.9% CL
P e e Gaflliurimnognah‘

I s e P — [——

= -1
L L sin’(2, 4)1

2, eVv?

AM7T,,

Sin° 20,4 ~ 0.36




1 =—— Am’=7.2 eV?, sin’(20) = 0.36, resolution 250 keV, bin 125 keV
184 O Observed, 24p, average (125, 250, 500 keV). First obs. + second cycle

Am%4
=7.30 i 0. 135t i 1. 16syst

Average 125, 250, 500 keV

1.6 -
Am’=1.3 eV’ sin’(20) = 0.36 1r/DoF  20.61/17(1.21)  GoF 0.4

sin®*2044 = 0.36 + 0.12

Unity «/DoF  31.90/19(1.68)  GoF 0.03
14 -

average

m Ilepuoa ocHUIISIUAA 1151
T 1.2 N
S JHepruu HeurpuHo 4 M>B
= cocraBJser 1,4 m
W04
3 |
Z
0.8 4 + A.P. Serebrov, et al. A.P.Serebrov, et al.
y PHYSICAL REVIEW D JETP Letters,
0.6 - 104, 032003 (2021) Volume 109, 2019

1.0 1.5 2.0 2.5

| -

Issue 4, pp 213-221.
JETP Letters,

MeTtoa 00padoTKH JaHHBIX ¢ GUKCHPOBAHHOU (ha301 MO3BOJISIET

Ha paccrosinuu 6-12 m. MeToa rosiorpadum.

Volume 112, 2020
Issue 4, pp 211-225.

HA0JII01AaTh MPOIECC OCHUIANUMA ¢ XapaKTePpHBIM nepuoaoMm 1.5 m arxiv:2003.03199

arXiv:2005.05301v 8
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l, (10%s)'1921

JHepreTHiecKoe paspenieHne 1eTeKTopa | g [
2 °r 27Al 2.2 MeV
average background spectrum = [ 3.7 MeV
- > 4.4 MeV
- The problem of fast neutrons L
: False event : 5 .2 Mev
— Neiutrino event 41— 12
: i C 4.4 MeV
g - 0 6.1 MeV
- 3C
B 2 } E = 4400 keV
i o = 285 key E = 5190 keV
_ / c3313keV g _ 5980 kev
B 1 E=2200kev E =3650 keV
- B o =310 keV
L | c=225keV o =230 keV
B 0 ;'_|'—|I|_\l | ﬂhl 1 L
=TI MY AN A R N A R A A A R R B A N B i 2000 3000 4000 5000 6000 7000

o

1000 2000 3000 4000 5000 6000 7000 8000
prompt energy, keV

prompt energy, keV

Hanunumne Takol CTPYKTYpbl B SHEPTreTUYECKOM CMEKTPE YKa3bIBAaET Ha TO, YTO KaMBPOBKa AeTeKTopa no

3Heprmu bbi1a 0AMHAKOBOM BO BCEX M3MEPEHMUAX.

JdHepreTnyecKkoe paspelieHne aetektopa o = 250 K3B, KoTopoe He 3aBUCUT OT IHEPIrnUmM NO3UTPOHaA.
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density of distribution, arb. un.

density of distribution, arb. un.

density of distribution, arb. un.

MC Moaeib HEPreTUH4eCKOro pa3pemeHns AeTeKTopa
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PacnpenesieHne CUTHAJIOB JIJIS1 OTHOM STYECHKHU JIETEKTOPA, YUUTHIBAs CUTHAJIBI
OT PErUCTPAllM ABYX TaMM C 3Heprusimu S11k3B. B ocHOBHOM 3TO onpeaenseTcs
HEMOJIHBIM MOMIOIIEHUE TAMMa-KBaHTOB B Mpeaeax OHON sSTYelKH.

Pacupenesenue CMrHaI0B TOJbKO 1JI
OHOW TYEHKH JETEKTOPA OT ITO3UTPOHA
0e3 IByX raMma-KBaHTOB OT MpoIliecca
AHHUTWISLIUU.

PacnpenesieHue CUTHAJIOB € Y4€TOM
AHHUTWISAMHA TAMM KBAHTOB U
perucTpamnus B CMeKHbIX sueiiKax.
DTOT pacnpenesieHie aCHMMETPUYHO.
OpnHako MOXHO B3SITh 3(D(PEKTUBHYIO
IUPUHY paclpeesieHus 26, KoTopas
noKpbIBaeT 68% o01ast miomais moj
KPUBOM.

EPQ\:,._, ME‘\I G., kE\’r
2 215
4 233
6 251
Pacyersl NOKa3bIBAIOT, YTO

3¢ PekTHBHAS UPUHA IOUYTH
He 3aBUCUT OT JHEpPIrum
MO3UTPOHOB M OLCHUBACTCSH
kak 26 = 500 k3B.
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3.0
MC-MOJIEJb
oo C OKCIHEPUMEHTAJHOM il
CTATUCTUYECKOH a)
00 TOYHOCTBIO
REE
.I 90 =
¢ | Bcero 6bu10 mpoBeaero 5 - 10° -
OKCIICPUMCHTOB JIsI  ClIydasa C
oCINIIAOUAMUA U CTOJIBKO K€ oe3 0.5 :
O CIIMJIJISILIU . ?:spjtn mene
0,'5 ' 1',0 ' 1:5 ' 2j0 ' 275 ' 30
o

Pacripenenenne Ha 1iockoctH  (y2const, Y2sin) IS
MOJIEJTUPOBAHUS C TOYHOCTBIO COTJIACHO
AKCTICPUMEHTAILHOW CTAaTUCTUKE W C YpOBHEM (oHa,
COOTBETCTBYIOIINM 3KCIIEPUMEHTAILHOMY (DOHY.

beutn  cmopenmupoBaHbl ABAa Ciay4as. C THIOTE30U
OCHWJUISIIMK U C THUIOTE30M 00 OTCYTCTBHUM OCLMJUISALIMH.
JIIst KaxXaoro ciiydass aHajan3 INPOBOAWICA C THIIOTE30U
OCHWJUISIAN U ¢ TUIIOTE30U 03 OCIMIIISIINN.

VYkazaHbl: LHEHTP pacnpenesieHus: 0e3 oCHUUIAINN (YepHBIA KPecCT)
U OTKJIOHEHHE OT ATOTO IIEHTPa AKCIECPUMEHTAILHOTO pe3yibTara
(3e7eHbId TPEYTONbHUK). Pe3ynprar aHanmmsa SKCIEepUMEHTAIbHBIX
JAHHBIX MPHU 00paOOTKE TUIOTE3bI ¢ OCHWIIAIMUAMHA U 0€3 HUX J1aeT
x2 = 1,21 umm 20,6 nius 17 crenenei ceodonsl U yconst2 = 1,68,
i 31,9 ma 19 creneneit cBoboapl cooTBeTcTBEHHO M Ay2 = 11,3.
O6o3HaueHbl U30aMHUM pacnpeneneHus lo, 26 u 36. OTKIOHEHUE
AKCIIEPUMEHTAILHOTO pe3yibTaTa OT IIEHTpa pacupeacsieHus Oe3
OCIHWJIISIIMM COCTaBJIsECT MPUMEPHO 30.



MC moaesib ¢ IKCIIePUMEHTAJbHON CTATUCTHYECKON TOYHOCTHIO U TeopeMa YHJIKCA

0.25 -
Wilks
s L S - z
'% G‘E—\ xnull xbesT fit .,
..5 [ '- Znut ~ Xbest. it
- ] |
B 045 \
g [\
- - ' |
3 ol p-value = U.TS%E
° ' :
S CL 2.67c
0.05 —
. = =i [
0 2 4 6 8 10 12 14 16

Pacnipenenenue aiig noaxoja K CTaTUCTUYECKOMY aHAIM3Y Ha
ocHoBe MC (cuHsist nuHuA) U Y2 ¢ GyHKIMEN 2-X CTeneHen
CBOOO/IbI, KOTOpasi yTBEPKIAeTCsl TEOPEMOU YHIIKCa.

DTO pacmpesielieHue OTIMYaeTcs OT Y2 C JAByMs
CTEMeHsIMU CBOOOBI, KaK YTBEpPKIaeT Teopema
VYunkca. Opnnako T0JIs pE3yBTaToOB
MONEIUPOBAHUA €  Xiy — )(gest_ﬂt >11,3
cocranisieT Bcero 0,0075, uto cooTBeTCcTBYET 2,70
CL. Takum o00pa3oMm, HCHOIB3YSd OTOT Oosee
CTPOTMM  KpUTEpUM ISl  OIIEHKH  yYPOBHSA
JOCTOBEPHOCTH TMPU TIOMCKE OCIHWULAIUNA B
skcriepuMmenTe «HelTpuHo-4», MOXHO cHaenarb
BBIBOJl O HAOMIOACHUN OCHWIIALMK HEHTPHUHO B
cTepuiibHOE coctosHue nipu 2.7 CL.

YpoBeHb 10CTOBEPHOCTH 2.76
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2. CpaBHeHHe pe3yJbTaToB dkcnepuMeHTa HeidlTpuHo-4 ¢
pe3yJbTaTaMu APYruxX IKCIePUMEHTOB
2.1 NEOS, DANSS, STEREO, PROSPECT na peaxmopax u SSM
2.2 MiniBooNE, LSND wua yckopumensax
2.3 axcnepumenma lceCube
2.4 sxcnepumenma BEST C neiitmpunnvim ucmounuxom Crol
2.5 axcnepumenma MicroBoone
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2 2
Am7,, eV

CpaBHeHHue pe3yJbTaroB 3kcnepuMenTa Helrpuno-4
C pe3yJbTaTaMM PeaKTOPHOM U rajiiineBou anomauuii 10 2021 roga

a4 | sin?267, ~ 0.36 + 0.12(2.90)

| Neutrinod |
Neutrino-4

RAA sin?260,4 ~ 0.13 + 0.05(2.60)

sin®260,4 ~ 0.32 + 0.10(3. 20)
gallium anomaly

I [ ! N l L1 1111

=9 -1
W 10 sin2(29‘4)1
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Analysis of the result of the Neutrino-4 experiment in conjunction with other experiments on the search for sterile neutrinos
within the framework of the 3 + 1 neutrino model
A.P. Serebrov, R.M. Samoilov, M.E. Chaikovskii
Petersburg Nuclear Physics Institute, National Research Center Kurchatov Institute, 188300, Gatchina, Russia

arXiv 2112.14856
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8_:_ JebuuT HEWTPHHO B TaJUIMEBBIX SKCIIEPUMEHTAX C

£ y4e€TOM HOBOIO pe3yibTara »3kcnepumenta BEST

q: _ cocrasmsier  0.84 + 0.04 [1l] u coorBercTBYyeET

N =S T I . sin?29y4 = 0.32 £ 0.08(46) . Dror pesyasTar
%_ - MOATBEPKIAET PE3yibTaT 3Kcrepumenra HelrtpuHo-4
NE: 55_ .................................................. sin22014 =0.36 + 0. 12(2 90.) KOM6I/IHI/IpOBaHHO€
< 13

45 sHauenue Helitpuno-4 u HoBOro 3uadeHus IA

R — - A ——— cocrapnser sin?26,4 = 0.33 £+ 0.07(4.90).

25__ Am?, = (7.3 + 0 13$t + 1. 16syst) ev2 ______________ [1] 2109.11482 Gavrin arXiv

S sin? 20,4 ~ 0.33 £ 0.07(4.90) |

OEI 1 11 l U I | l — — — l —— — I —_ == l | I .| l === l === l == 3
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sin® (28,,)
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CpaBHeHMe pe3yJabTaroB 3kcnepuMenTa Heiirpuno-4 ¢ pesyiabratamMmu s3xkcnepumenta BEST

mg 1. DxcnepumenT «HeWTpuHo-4» HampaBieH Ha
? 5 npsMOe M3MEpPEHHE MapaMeTpa OCHMIUISIIUM
8 sin?20,,. Ha Oompmmx  pacCTOSHHAX
= neUIUT paBeH % sin? 2044, n3-3a

- = YCPEIHECHUS 0 DHEPIrETUIECKOMY CIEKTDY.

L, OF

CI =

£ 5;_ 2. CnenoBaTebHO, YTOOBI CPAaBHUTH PE3YJIbTAThI

) A= : : : : skcriepumenta Neutrino-4 ¢ RAA u GA, MoxHO
25__‘ Amj, = (7.3 +£0.135, + 1.164,,) eVZ MOJIYy4YEHMS 1e(DUIINTA WIM HA000POT.
15_ sin2 20, ~ 0.33 + 0.07(4.96) | Mpbl  mpeamnoyrTacM UI/ICH(.)JIEBOBaTB 3HAUYCHHE
Détl_]__llllll napamerpa kojieOanuii sin“ 20,4 B HameMm

0 01 02 03 04 05 06 07 08 09 1 CPaBHUTCJIbHOM aHAJIN3C.
sin“(26,,)

JleuuT HEUTPUHO B TallJIMEBBIX KCIEPUMEHTAX C YYETOM HOBOTO pesyibrara skcrnepumenta BEST cocrarmser
0.84+0.04 [1] u coorBerctByer sin®2944 = 0.32 + 0.08(40). OTOT pe3yabTar MOATBEPKIACT PE3YIbTAT

skcriepuMenTa Heitrpuno-4 sin?260,, = 0.36 + 0.12(2. 90’). KoMOunupoBanHoe 3HaueHue HelTpruHO-4 U HOBOIO

sHaueHusa ['A cocraBiseT Sill2 2 914_ =0.33 i 0.07 (4' 90') . After the BEST measurements the Ga anomaly looks more pronounced; the weighted average value of
the neutrino capture rate relative to the expected value for all Ga experiments is 0.80 (0.05), accounting

[1] 2109.11482 Gavrin arXiv for the correlated uncertainty for . If one ignores the excited state contribution to , the value would
increase to 0.84 (0.04), but still be signicantly below 1. 19



IIporuBopedue pe3yabTaToB HeMTpUHO-4 1 HOBOIO pe3yabTara rajjiaueBo anomMaauu (I'A)
C PEaKTOPHOM AaHTUHEeHTPUHHON aHoOMaJIued (PAA) U COJTHEYHBIMUA OIrPAHUYCHUSIMH

10

AM3,, eV?

AGSS09 GS98

_ 99%

99%

N

anomaly |\ | 20 /.
95% ) T
L] |/ anomaly

95%%

10

sin2(2914]1

Crnenyer 3aMETHTh, 4TO pe3yibrar (PAA)

sin?20,, = 0.13 + 0.05(2. 60)
B ~ 2.5 pa3za meHbIe, ueM Heiitpuno-4 u TA(BEST) :
0.36 £ 0.12 1 0.32 +£ 0.08 COOTBETCTBEHHO.

Pasuuma PAA u Helirpurao-4 + TA(BEST) cocrabmser 0.20 +
0.086 . 1.e. 2. 30 B OCHOBHOM H3-3a O0bIIOi ook PAA

PesynpraTtel  okcmepumenToB  Neutrino-4 and BEST
HaxoadaTca B 00JacTH  MHapaMeTpoB  HMCKIIKOYAEMOM
I7100aJbHBIM  (DUTOM  AKCIEPUMEHTOB II0 H3MEPCHUIO
IIOTOKA COJIHEYHBIX HEUTPHUHO.

CotHEYHASd MOJIETR:

GS98 0.18 (99% CL)
AGSS09 0.10 (99% CL)
Pa3sHuia oneHok Me:Kay AByMs MOAEJIAMM

cocrasJser 1.8 pa3a ,



IIpsiMbIe IKCIIEPUMEHTHI
UJIU NO0O0YHBINA MPOAYKT
HAa (OHE CJTO0KHBIX MPOLIECCOB?
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Pacxoxaenue mexay o00aactoio PAA u Heiitpuno4 +T'A(BEST)

1. Pacxoxkaenue mexkay oonactbio PAA u o01acteio 3kcnepumenta Heiitpuno4 +I'A(BEST) cocraBasier 2. 30 B
OCHOBHOM H3-32 00161101 0IHHOKH PAA. IT0 Tpedyer aeTajibHOr0 paccCMOTPEHHST BO3MOKHBIX IPUYHH B
nepByio ouepens B PAA.

2. UaTepnperanus udmepeHni RAA 0CHOBaHA Ha PACCYUTAHHOM CIIEKTPe, KOTOPbIN BCe elie nMeeT He0ObSICHEHHbIE
PACXO0XKICHUS C U3MEPEHHBIM CIIEKTPOM. Takum 00pa3oM pacyéThl MOKA3BIBAIOT, YTO €CTh PACX0KICHUS 110
HHTErpaJjiaM CIeKTPOB U 1o ux popmam.

3. EcTb Tak Ha3biBaeMbiil «0aMm». Eciim ecTh npeBbilieHHe B cieKTpe B 00sactu 5 M3B, T0 kakue-T0 U30TONbI U
pacnaabl He yuTeHbl. Ho momesbs XyOepa-Mrouiiepa 3T0ro He npeamoJiaraet. 3aueM JBe Mpo0dJieMbl — CIIEKTP H
neduuuT, xparaetr oqHoM. C 0JHOM CTOPOHBI Ae(PULUT, a C APYroi CTOPOHbI NPOoGuIUT. UT0-TO He JIATHO B pacyéTax.

4. Ecau ecTh Ae(PUUUT, TO JIOTHYHEE, UTO Ae(PUIUT OAMHAKOBBIN 110 BCEMY CIIEKTPY M3-32 HAJIMYHS OCHUJIISIONM, a
NpeBbILIEHUE B CIIeKTPe B o0sactu S M3B, moroMy 4T0 Kakme-T0 M30TONBI M pacnaabl He yuTeHbl. Hano uckars.

5. Cuaeapyer OTMETHTb, YTO B OCHOBE PAA JIeKUT J0CTATOYHO CJIOKHBIA METOA A0COJIOTHBIX U3MEPEHUH, HO B
IkcnepuMenTe HeMTpuHO-4 HCIOIb3YyeTCHd METO OTHOCUTEIbHBIX U3MEPEHUI U He TPeOyeT TOYHOI0 3HAHUSA 0
CIICKTPe PEAKTOPHbIX AHTUHEHTPUHO. JKcnepuMeHT BEST ucnosib3yer X0pouio u3BeCTHBIA CHEKTP
MOHOXPOMATHYECKUX HEUTPUHO U TOXKE ABJISAETCHA 00s1ee HANEKHBIM. OH UCIOJIb3YeT METO/d, YCIEeIIHO MPUMEeHEHHBIN
paHee B Poccuiicko-AMepukaHckoro skcnepumenta SAGE. 22
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Cuekrpnl 235U u 239 PuU nmocJjie anaau3a ¢ y4éTom (popMbI CIEKTPA M
¢ y4éToM mpouecca oCuMISIuii ¢ sin®20,, = 0.33 + 0.07(4.90).
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— HM =038 “py
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Ratio to model @107 [em?/fission/MeV]
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FIG. 3. (Top) The extracted “° U and ***Pu spectra in Daya Bay s
prompt energy from the combined analysis of the Daya Bay and
PROSPECT data. The comesponding scaled Huber-Muoeller (HM)
model predictions ame overlaid  The emmor bars in the data points
ame the squar root of the disgonal clements of the covanance
mairix for the spectral shape, (Bottom) The ratio of the combined
analysis results to the shape prediciions from the scaled Huber-
Ml Her model.
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FIG. 5. (Top) **U and **?Pu antincutrino spectra unfolded from
the jointly deconvolved Daya Bay and PROSPECT measurements.
(Bottom) Ratio of the measurements to their respective models,
which are corrected by the smearing matrices A, in both pancls.
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CJ105KHOCTD 32124 PEAKTOPHOI0 IKCIIEPUMMEHTA 10 MOUCKY CTEPUILHOI0 HEITPUHO,
OCHOBBIBASICh HA A0COJIOTHBIX U3MEPEHUSIX COCTABJIAIONIMX Mpolecca padoThl peakTopa

PacnpeneneHune aHeprum
-“n“— JHeprusi M BPeMst KU3HH AeneHyn 25U TennosLIMM

202.79 9.07 £ 035+ 855 = 209.20

HYKJIMA0B 1pu gejaennn 235U HeATpoHamm

+0.06 032 0.02 0.22 +0.46

205.93 11.00+ 033+ 1092+ 20552 Runetnieckas

+013 080 003 028 +096 0 nepma 167 MsB

207.32 7.22 + 030+ 1119+ 209.99 [ S - MrHOBEH b

+008 027 002 028 +0.60 e 4 HUcekaTh | eimons 0 MeB

~ " ul _
52 211.04 871 + 029+ 1150+ 213.60 M e JAEER INeKTPOKLI B ¢ 15
e £0.12 0.30 0.03 0.25 +0.65 Rt — S pacnaja
2 10:_ "= A_HTVIHEMTpMHO 10 M3B
I g B-pacnaga
ponykthl siaepHoro aeneHus (I11]1) o - .

MIPEJICTABIISIOT COOOM CIOKHYIO CMECh OoJiee 8— : MrHoBeHHOe 7 MaB
yeM 200 pagroakTUBHBIX M30TOIOB 36 :_ 5‘ y-u3nyyeHme
AJIEMEHTOB (OT IIMHKA JI0 TaJ0JUHUSA). ° C . y-U3nyueHne
BombIyro 9acTh aKTUBHOCTH COCTABIISIFOT a - NpOAYKTOB 6 MsB
KOPOTKOKUBYIIHE PAJAHMOHYKIHUIBL. Tak, yepes -
7, uepes 49 u uepe3 343 cyTok mocie B3pbIBa 2r- _'.'q I
akTUBHOCTH [1S]] cHM>KaeTCs COOTBETCTBEHHO 0 T T e |, gn) [lONHaA
B 10, 100 u 1000 pa3 1o cpaBHEHUIO C -10 5 0 S Iog1($ ) | 3Heprus 200 MaB
aKTHBHOCTBIO Uepe3 Yac Mociie B3phIBa.. 12 aeneHua .




Bonpoc 0 TouHOCTH onpenejeHuss Aa0COJTIOTHOM MOIIHOCTH PEeaKTopa

HakoHen, BO3HHMKaeT BOONPOC O TOYHOCTH OMNPEACTCHUS aOCOJIOTHOM MOIIHOCTH
peakrtopa. M3MeHEHUs MOIIHOCTH pPEAKTOpa MOXHO OTCIIC)KMBATh C TOYHOCTBHIO OoJiee
oJIHOTO TiporieHTa. OMHAKO a0COJIIOTHOE 3HAYECHUE MOIIHOCTH PeakTopa — HEMpOocCTas
3a7a4a, TPEOyrolass ydyera MHOTMX (PakTopoB. B YacTHOCTH, Temi0, YHOCHMOE B
OKPYKAKOIIYI0 Cpeay, KpoMe OXJAaKIAAWIIero KOHTypa, He u3Mepsiercs, a
olleHMBaeTcs1. BripakaeM COMHEHUE, TTOCKOJIBKY B paboTax no PAA He ObUIM HaWJECHBI
CTPOTHE€ OIICHKH KaJHMOPOBKH aOCOIIOTHOM MOIMHOCTH peakTopa. HemocraTouno
TOYHBIA YYeT YHOCMMOI0 B OKPYXKAKIIYIW Cpely TeIlula MOKeT NPUBECTH K
3AHUIKCEHUK)  MOILIHOCTH  PEaKTopa U, COOTBETCTBEHHO, K YMEHbIICHUIO
Ha0/1r012eMOr0 1e(PpUIUTA MOTOKA AHTUHEHTPHHO.




IIpoTuBopeune MeKIY pe3yJbTaTamMu 3kcnepuMenToB Neutrino-4 and BEST u orpannyeHneM Ha mapaMeTphI
CTEPUIHLHOI0 HEMTPUHO U3 AHAJIU3A U3MEPEHUH MOTOKA COJTHEYHBIX HEUTPUHO

1. MHTepripeTaiiuss U3MEPEHUM IMOTOKA COJHEYHBIX HEUTPUHO OINUPACTCA HA TEOPETUYECKU PACCUUTAHHOE
3HAYECHUE TIOJIHOTO IMOTOKA COJIHEYHBIX HEWTPUHO. JTO 3HAYCHUE PACCUUTHIBAETCA HA OCHOBE (CTaHIapTHOU
CosmHeuHOM Monaenn, a 3HAYUT BKIOYACT HEOMPEACIEHHOCTH 3TOM MOJIEIM W HEPEemEHHYI MpodJaemy
MeTaIHYHOCTH CoTHIA.

2. BeposTHOCTh OOHAPYKEHHUS AIEKTPOHHOIO HEUTPUHO B MOJTHOM ITOTOKE COJIHEUHBIX HEUTPHUHO 3aBHUCHUT OT BCeX
yIJIOB cMelnuBaHusi. /711 ymporeHns pacdéroB, yacTh mapameTpoB (63,054, ...) pUKCHpyeTcsi Ha OCHOBE
pPE3yJITaTOB PEAKTOPHBIX MJIM YCKOPUTEIBHBIX HEUTPUHHBIX SKCIIEPUMEHTOB. J[JIs1 HEUTPUHO, POKIAIOIIUXCS TTPU
pacmange B, TeoperndecKkuii MOTOK BKIOYaeT Y4uér 3pdexra MSW, mus  pacuéra KOTOPOrO HCIIOIB3YIOTCS
pacnpeaejieHue IJI0THOCTH 3JIeKTPOHOB B CoJiHIEe M auadaTHYeCKOe NPUOJIHNKEHHUE.

Pesyabrar HelTpHHO-4 1oOJIlydYeH B paMKaX OTHOCHUTEJbHBIX U3MEPEHUIl M He 3aBHCHT OT momesiei. s
MIPABUJIBHOTO COBMECTHOTO aHaliu3a pPe3yJIbTaTOB U3MEPEHUN [OTOKA COJHEYHBIX HEUTPUHO U pPe3ylibTara
HeiitpuHo-4, He0OX0AMMO MEPECMOTPETh PE3yIbTaThl U3MEPEHUN BCEX MapaMETPOB MaTpPUIlbl CMEIIMBAHUS B
paMkax mojenud 3+1, yYyuThIBasi 3HAYEHHs] MAPAMETPOB CTEPUJILHOI0 HEMTPHHO NMOJyYeHHble B paMKax

ykcrepuMeHTa HeTprHOo-4 1 yYHUTAPHOCTD Uyy 4. .



Pa3sHuia HEUTPUHHBIX MOTOKOB /IJIA IBYX Mo/ieJiei
METAIHYHOCTH COJTHIA. HZ — BbICOKAaf MeTAJNIMYHOCTD,

LZ — Hu3Kkass MeTAJIMYHOCTh

Solar v B16-GS98 (HZ) B16-AGSS09met (LZ) (HZ —LZ)/HZ [%] Exp

pp-cycle

pp 5.98(1.04+0.006)  6.03(1.0 +0.005) —0.8 %100
’Be 4.93(1.0+0.06) 4.50(1.0 £ 0.06) 8.9 % 10°
pep 1.44(1.0 £0.01) 1.46(1.0 £ 0.009) —1.4 x 108
“B 5.46(1.0+0.12) 4.50(1.0 £0.12) —~17.6 %108
hep 7.98(1.0 £ 0.30) 8.25(1.0 £0.12) —3.4 %10
CNO-cycle

BN 2.78(1.0 £0.15) 2.04(1.0 £0.14) 26.6 %108
150 2.05(1.0+0.17) 1.44(1.0+0.16) 29.7 %108
7 5.29(1.0 +0.20) 3.26(1.0 £0.18) 383 x 106
CNO 4.88(1.0 £0.11) 3.51(1.0 £ 0.10) 28.1 %108

Neutrino energy [MeV]
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JlaHHBIe B3SATHI U3 CTaThU KoJutaboparuu Borexino
Universe 2021, 7(7), 231 [arXiv:2105.13858V1 ]



https://arxiv.org/abs/2105.13858v1

EcTh TOYHOCTH pac4yéTa, HO HET TOYHOCTH IKCIIEPUMEHTA.
EcTh TOYHOCTH 3KCIIEPUMEHTA, HO HET TOYHOCTH pacuéra.

Solar neutrino flux [cm™ s]
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HenaBHsis paboTa oONUCHIBAMOINAs OIpaHUYCHHUS Ha
OCHOBe ToOapHoro aaamsa arXiv:2109.14898v1

N3 303 TOouek B3SATHIX B paccMOTpeHHe O0JIbIIe
MOJIOBHHBI OTHOCATCSH K M3MEPEHHSIM HEHTPHUHO OT
pacnaga °B, Ttak kak oskcmepumentel SK um SNO
qyBCTBUTEIbHBI TOJIBKO K HEHTPHUHO C SHEPIUCH BBIIIIC

3.5 MeV.
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Neutrino Energy [MeV]

BeposTHOCT OOHapy»KE€HHS DJICKTPOHHOIO HEUTPHHO Kak
bynkuus sHepruu. KpacHeie Toukum - pesynabrar Borexino,
yépuast Touka — SNO+SK g 8B. Tpu touxkm Borexino mus 8B
COOTBETCTBYIOT M3MEPECHHUSIM B Pa3IWYHBIX JIMAIIA30HAX YHEPTHil.
[Io sKcepUMEHTANIBHBIM JIAHHBIM BEPOSTHOCTH OIPEACISCTCS C
ucnonb3oBanueM CCM ¢ BBICOKOM METANIMYHOCTBHIO. OIIMOKU
COOTBETCTBYIOT +10 53KCOEpUMEHTaIbHBIS + TEOpPETUYECKAs.
KpuBas coorBercTByeT +10 mnpeackazanuto moaenn MSW-LMA


https://arxiv.org/abs/2109.14898v1

OrpannyeHusi Ha sin”20 4, nonydennbie B [12], BBIXOAAT 32 pAMKH A0CTYITHOI KCIIEPHMEHTAIbLHON TOYHOCTH
MATPHUIbI CMEIICHUS] U TOYHOCTH HEMTPHHHBIX IKCIIEPUMEHTOB.
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[Ipexnae Bcero, Mbl olleHIIN (He3aBUCcUMO oT Mojienu CoHIIa) BOBMOXHOCTh BEIOOpA MEXTY MOJEIbI0 3-HEUTPUHO U MOJIETBI0 4-HEUTPUHO,
UCIOJNB3Ysd TEKYIIYI0 TOYHOCTh MATPUYHBIX 3JIEMEHTOB CMEIICHHUA JJIsi JABYX Mojeneil HehTpuHo. Ilpu pacueTe BbIXOHAa 3IEKTPOHHBIX
HEUTpUHO B Mojiesin 3 + 1 ciieryeT yuuThIBaTh HEOOXOAMMOCTh KOPPEKTUPOBKU MaTpuuHbIX 3neMeHToB Ul, U2, U3 3a cueT BBeAeHUS HOBOTO
yria cMelmuBaHus. B 3ToM ciiydae Takke HEOOXOAMMO YUYWUTHIBaTh MOTPEIIHOCTH BHOBb BBEICHHOro yria cmemuBaHus.. Ha OUIL.7
MPEACTABICHBI PE3YJbTaThl JABYX PACUETOB. C JIMHEHHBIM M KBAJPATUYHBIM CIOKEHHUEM omuOok. s momenu 3-HeWTpuHO M Moaenu 4-
HEUTPUHO y HAC €CTh CIEAYIONIME KPUTECPUU 3HAUUMOCTHU ISl SKCHEPUMEHTAJBHBIX Pe3yJbTaToB B pasziuuHbix monensx: GoF_3v = 0,8
(0,2506), GoF_4v = 0,2 (1,2806) nnsa xkBagparuuHoro ciioxkenus omuook u GoF 3v. = 0,81 (0,2406), GoF_4v = 0,31 (1,010) a1 nuHEHHOTO
cinokeHns omm60k. Takum 00pa3oM, HEBO3MOKHO MOJYYHTh YOeAUTEIbHOE pasindne Mexay Moaeasmu. OrpaHudeHnst Ha sin®20,,
noJjiyueHHble B [12], BBIXOAAAT 32 pAMKH JOCTYIHOH YKCNIEPUMEHTAJIBLHOH TOYHOCTH MATPHUILI CMEIIeHUs] U TOYHOCTH HEeHTPHHHBIX
IKCIIEPUMEHTOB.



CpaBHenue pe3yabraroB Neutrino-4 ¢ pesyabraramu 3xkcnepumenToB PROSPECT, STEREO, DANSS u NEOS
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1. OxcniepumenTsl DANSS u NEOS nHa ADC umeroT cymecTBeHHO

MEHBIIYI0 YYBCTBUTEIBHOCTD K OOJIBIIIMM 3HAYEHUSIM MTapaMeTpa Am%4
13-3a OOJIBIIIUX PAa3MEPOB aKTUBHOM 30HBI peakTopa 3-4 metpa. s

ocHWIIISAIUM ¢ mepuogom 1,4 M utst 3Heprun HeuTpuHo 4 MaB
IPOUCXOJIUT ycpeaHeHue 3pdekTa yxe B Ipejiesiax d0Hbl peakTopa.

2. UysctBurenbHOCTh dKkcniepuMeHToB STEREO [14] u PROSPECT [13]
MOKa HEAOCTATOYHA, YTOOBI UCKITFOUUTH PE3YJIbTAT IKCIIEPUMEHTA
«HelTprHO-4», KOTOPBIA HMEET BIBOEC JIYUIIIYIO YyYBCTBUTEIBHOCTH (PHC.).
XOTs cheayeT 3aMeTuTh, 4To 0ecT ¢ut skcnepumenta STEREO
HaxXOJUTCS B 001acTh pe3yibrara skcrepumenta Heirpuno-4.

3. OkcniepuMmenTe «HelTpuHo-4» UCIIONb3yeT 3HAUUTEIBHO OONBITHH
nuara3oH paccrosauii, STEREO [m PROSPECT .

4. OcoOeHHO BaHO, 4TO B skcriepuMeHTe «HelTpuHo-4» Mbl HAOJIO1aEM
MPOLECC OCHWUISIAN HEMIOCPEACTBEHHO B U3MEPEHUSX, UCIIOIB3YSI METO/I
KOT€PEHTHOTO CJIOKEHUS Pe3yJIbTaTOB M3MEPEHUM C OIMHAKOBOM (pazoii -
METO/l roJiorpagpum.
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FIG. 3. The regions (in shades of blue) favored by the
joint analysis of the gallium experiments, DANSS [32] and
NEUTRINO-4[29]. There are also regions ezcluded at 95%
C.L. from sterile neutrino searches at reactor antineutrino ex-
periments STEREO [30], PROSPECT [31]. The regions out-
lined by the green line is favored at 95% C.L. by the reactor
antineutrino anomaly (RAA) [16]. The region to the right of
the black vertical line is excluded at 95% C.L. from observa-
tions of solar neutrinos [34].
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pesyiabraramu 3kcnepuMeHToB KATRIN 1 GERDA u pe3yiabraramu 3xkcnepumenta BEST

CpaBHeHue pe3yJbTaToB 3KcniepuMenTa HelTpuHO-4 ¢ pe3yjbTaTaMu PeaKTOPHOI, ra/UIMeBOl AHOMAJIMU 1

N$ 100 r
<

Reactor

anomaly
95%

10 |

LI | — T —

_—— |

Neutrino-4
95%

DANSS [

95%

1 Gallium

1anomaly
95%

1 Troitsk
1 95%

{KATRIN
95%

0.1
AGSS09  GS98
99% 99%

1. Teneps ciienyeT yCTAaHOBUTH OIPaHUYEHUE CBEPXY Ha Am%4
n3 skcriepuMeHTOB KATRIN 1 GERDA.

2. Ha pucyHke rosyObIM IIBETOM BbIJI€JICHA 00JIACTh
napaMeTpPOB CTEPUILHOTO HEUTPUHO, OIIpeesseMast
skcniepumenTamu Tpounk, KATRIN, BEST u DANSS, BHyTpH
KOTOPOT'0 HaXOAUTCs Pe3yJIbTaT dKcrepuMenTa Hetpruno-4
Am5, = 7.30 £ 0.13, + 1. 16,

sin®2044 = 0.36 + 0.12
KpacHbIli 37UTMIIC HAa PUCYHKE YUUTHIBAET CUCTEMATUYECKYIO
OIIMOKY ISl yPOBHS JOCTOBEPHOCTU 95%.

3. Pesynbrar sxcniepumenta KATRIN [15,16] He uckimroyaet
obmactu Hetitpuno-4 (puc.).

4. Ocob6oro BHuMaHus TpedyeT sxcriepuMeHT GERDA [17], Tak kak OH HampaBJ€H Ha MOUCK MacChl HEUTPUHO
ManoOpaHOBCKOIO TUIa. B Hacrosmee Bpemsa npeaen Mmaccbl Manopansl, noirydeHHbIN B dkcriepuMenTe GERDA s
HOPMAJIbHOW UEPAPXUH MACC, HA OJHO CTAaHJIAPTHOE OTKJIOHEHUE MEHBIIIE, YEM MPEACKa3aHue Macchl ManopaHa,
NIOJTyYEeHHOE TI0 pe3yiibTaraM 3kcriepuMenTa Neutrino-4 (kpacHas mTpuxoBka Ha puc. ). Ecimu B OyaymieM npemen
MalOpaHOBCKOM MacChl SKCIIEPUMEHTA IO ABOMHOMY OeTa-pacnaay OyJaeT MOHUKEH U Pe3yibTaT SKCIIEPUMEHTa

v v v v 3
Hel/ITpI/IHO-4 IMOATBCPAUTCA, 9TO 3aKPOCT I'MIIOTC3Y O TOM, YTO HCUTPHUHO SABIIACTCA YaCTULICHU MANOPAHOBCKOI'O THUIIA.
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CTPYKTYPA MOJEJHW HEUTPUHO 3 + 1



CTPYKTYPA MOJIEJIM HEUTPUHO 3 + 1 U TIPEJICTABJIEHUE BEPOSITHOCTEHN
PA3JIMYHBIX OCHUJIISIIIUIA

Ve -Ue 1
'Vlu_ _ UM 1
Vt Ur1
_.VS 4 | bl' 51

Pvev,,3 =1- 4‘|Ue4|2(1 — IUe4|2) sin? (

2 2 )
Py, =1—4|Upu (1— |U 4 )smz( 1F

2 Am#5,L
P, = 4|U o4 |%|U 4| sin? ( ) = sin* 20, sin* ( 14 )

UE’Z
U 12
UTZ
U,

UE 3
ng
UT3

Ugs

Uaall

Up.4

Ur4

U34- -

UE4—
Uya
Ur4

Am%,L

AE,

% = sin’(6,4)

2 = sin“(6,4) - c05(614)

2 = sin®(034) - c0s%(0,,) - cos?(014)
o n228.. sin? Am?,L
= sin ee SIN 4Eve

Am?,L

_ . 2 . 2 14

)— 1-—sin”260,,sin ( 4E, )

AE,

35




CooTHOIIEHMSI TAPAMETPOB OCHUISIIUI, HEOOXOAUMBbIE /IJIs1 CPABHUTEJIbHOI0
aHAJIM3a Pe3yJIbTAaTOB IKCIIEPUMEHTOB:

sin® 26,, = sin® 26,
sin“ 26, = 4sin* 6,, cos® B,,(1 — sin* B,, cos* B,,) ~ sin* 26
uu = 24 14 24 14) ¥ 24

sin* 26, = 4sin® 0, sin”® 6,, cos* B, ~ Zsin2 20,,sin* 26,,

IlepBbIi BaKHBIA BBIBOA MoAeaH 3 + 1 - yacTrora ocHMJJISIIUA BO BCeX Mpoleccax
N0JI’KHA OBITH OMMHAKOBOI, T.¢. ONMpeae/siercs: BeJnunHoii Am3,

BTopoe BaxxHOe COOTHOLIEHHUE JJIsSl IKCIIEPUMEHTAJIbHOM NMPOBepKH Moaeu 3 + 1

sin“26, , = %sin2 20,,5in° 20,

DTy CBA3b MOKHO UHTEPIPETUPOBATH JTOBOJBHO MTPOCTO. [10SIBIIEHNE SIIEKTPOHHBIX HEUTPUHO B
Iy4YKE€ MIOOHHBIX HEUTPUHO ITO MPOLIECC BTOPOTO MOPAIKA, T.€. IIEPEXO MIOOHHOTO HEMTPUHO B
CTEPWIILHOE HEUTPHUHO, a 3aTEM IIEPEXO0]] CTEPMIILHOTO HEUTPUHO B DJIEKTPOHHOE HEUTPUHO. 34



3. B0O3MOKHOCTB IKCIIEPUMEHTAJIBHOM MPOBEPKH
HEMTPUHHOU Moae U 3 + 1 10 COOTHOILIECHUIO

. 1 . .
sin® 20, ~ Zsm2 204, Sin*20,,
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Am?; [eV?]

PHYSICAL REVIEW LETTERS 125, 141801 (2020)

Pesyabrarsl 3kcnepumenta IceCube

100

10 F

0.1F —

= =  This work 90% CL
mmm  This work 99% CL
Bl 63% (trials)
C 95% (trials)

99% CL
combined

IceCube

DeepCore
MINOS/MINOS+
Super-Kamiokande
MiniBooNE-SciBooNE

0.01 0.1 1

sin2 (2(924)

IceCube
best fit

Ami, = 4.471333

sin%(20,,) = 0.1079392

KpacHas 1uHUS Ha pUCYHKE €CTh OrHOaroIas mpeaeaon
Bcex akcnepumeHToB ipu 99% CL. Ona uckimrogaet best
fit, Ho HE ompoBepraet pe3ynbrar skcnepumenTa IceCube
13-3a OOJIBIIIOrO AUaIia3oHa OMIMOOK AKCIIEPUMEHTA.
J1J1s mpoBepKU COOTHOLCHUS
: 1 . :
sin® 20, ~ Zsm2 20, sin*20,,
1 .
MO:KHO YMHOKHTB 3TO pacnpeje/ieHne Ha - sin?20,

13 TaHHBIX dKkcnepuMenTa Helitpuno-4 u TA(BEST)
sin20,, = 0.33 + 0.07
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. 1, : g g
IpoBepka coOTHOWIEHHUS SiNn? 20, = ~sin® 204, sin* 20,, HeiiTpunoii momenan 3 + 1

4
SO FTT I EETT T T IIpenesa Ha sin®?260,, 99% CL (kpacHast TMHHS HA II0CKOCTH
s F 1 =l . —68%CL 1.5 24 . o
v [ s == . —90%CL 1 Sin“2034 ) nepeHOCHTCS HA MJIOCKOCTh Sin” 260, npu 3HaYeHHne
[ , _}:/5; ol | sin?2014 = 0.33 +0.07 ¢ yuérom ommbku. ITO 1aET Mpesien Ha
11 = — 36 CL | mnockoctn sin® 20 e (TOXKE KpacHast IMHUSA).
- {: ‘Kgﬂgwﬁ}; 46 CL ] . _
D40 W 1 KpacHasi JHHHS MCKJIIOYAET 3HAYeHua Sin’ 20, >5-10"3 u
2 7% 7. | - KARI\(/_I;ENZ . ue
e 90% CL =
= OPERA 1 COOTBETCTBEHHO IKCINEPUMEHTAJILHYIO 00J1acTh appearance npu
> - 90% CL 1 . _ 2
2 sin®*20,,>5-1073 u Am},<~1eV "
AN 1 o o
5 3ampruxoBaHHas 00J1aCTh OrPAHUYEHA KPACHOM JIUHUEH U

IIIIIIII
IIIIIIII

rOPU30HTAJIbLHBIMU JUHUSIMH, KOTOPbIEe COOTBETCTBYIOT 99%0

orpaHmdeHusiM Ha Am?, u3 sxcnepumenta Heiitpuno-4.
1. Bo3M0KHOCTBH COIIACOBAHMS IKCIIEPUMEHTAIbHBIX Pe3yJIbTAaTOB
ykcnepumenToB: Heiitpuno-4, BEST, MiniBooNE, LSND, IceCube B

paMKax HeMTpUHHOU Moxeu 3+1 He 3aKpbITAa.

10~

IIIIIIII

|:|LSND°o CL o

10‘2 Ll L I L1 ||1ﬁT“u L1110l

10° 107 10" _ 1 He UCKJIIOYEHA, HO orpaHuYeHa JaHHbIMU Ha disappearance
MIOOHHBIX HEATPHHO IPH HCIOJIb30BAHMH sin?20,, = 0.33 + 0.07 wu3

yxkcnepumMeHToB Helitpuno-4 + TA(BEST) u nannbiMu Ha Ami{!5 =
7.30 £ 0.13;; + 1.164,,, udKkcnepumenta Heiirpuno-4 .

2. O0JsacTh 3HAUEHU IKCIIEPUMEHTOB HA appearance

.2
sin® 20,




- Neutrnod ; CpaBHeHue pe3yabTaToB 3kcnepuMeHTa Heidtpuno-4 ¢

MiniBooNE } | g .

v mode pe3yabraramu 3xcnepumenToB MIinIBooNE, LSND B
\ i/{ NpeAnoI0KeHHH, uTo Sin* 20,,=2 - 10™% npu
N e gkl 1 IKCIEPUMEHTAIbLHOM 3HAYEHHE

sin“20,, = 0.33 + 0.07

pe

—_— =

0.020 T T T
—— MiniBooNE best fit (0.918, 0.041 eV?)
-—- (0.01, 0.4 ev?) 100
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e ) -- 1is wor. o IC
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CpaBHeHHe pe3yJibTaToB 3KkcnepuMenTa Helitpuno-4 ¢ pesyabratamm 3xkcnepumenToB MiniBooNE, LSND B npeamosioxkeHnn, 4To
sin%260,,=2 - 10~ npu 3KcHepUMEHTAJILHOM 3HAYCHHE

sin’20,, = 0.33 + 0.07

Amj3, [eV?]

Am? (eV?)
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AHaJIM3 OrPAHUYEHUN HA IJIOCKOCTH
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CpaBHeHHe pe3yJbTaTOB JAHHOI0 aHAJIN3a C OrpaHHYeHUsIMHU U3 3kcnepumenTta MicroBoone

AHaJIu3 Ha ocHoOBe Moxesn 3+1 SKemepuMenT AHAIH3 IKCIEPUMEHTA arxiv:
C HCII0JIb30BAHHEM pe3yJibTaTa MicroBoone me 3aKbLL MicroBoone 2111.10359
Heiitpuno-4 u I'A (BEST) pb 19r0A6pA 2021
A102 T l‘llll o < = 'IIHI [ 1T lllll I /A AT ) OﬁHaCTb HpeHCKa3aHHI/I I/I3 102:
S | | i —68%CL - IKCIEPUMEHTOB : I“"“‘-‘TOBFUTE 3o
o - ) == | —90% CL d o == Inclusive
S [ ] 8 s _evc || Heiitpuno-4 + TA(BEST)
- (& ) —99% CL i 10k
< S e 4 Neutrino-4
107 2 ro oL el > + GA (BEST)
o I OPERA - Coriacue o
= 90% CL - ~5 1
- BbIB B 3 -
Né:- 1 — OJIO EE -MB 1o
= I : + <] -
: ' OrpaHuYeHHA 1071
ok N no ms, u3 i
i RN S _o['| Four—favor a.n&lyN
: DLSND .” CL \ N ‘ 3KcnepHMeHTa ]-{] - T | R ||| [ ||||| L a1
I \ N y =1 103 (=2 10-1
i TR SN N HeiiTpuno-4 0= 0E 1 10 I
| | N sin” (20,,)
10—2 L L1l | L1 13111 | Lt~ 1 I |

-3 X -1 . ..
10 10 10 - Orpannuenne MiCroBooNE. Tlpennountaembie MiniBooNE

sin? 2 Hye 00J1acTH MOKa3aHbl cepbIM 1BeToM. KpacHasi IITPUX0OBKA 3TO
n00aBJieHA HAIIA 00J1ACTH C JIEBOM KAPTHHKH. 42




3. B03MOKHOCTH IKCIIEPUMEHTAJILHOM
MPOBEPKHU MoaeJau HelTpuHo 3 + 1

3.1 Ilpeocka3zanue r¢hhekmuenou maccol InNeKMpPOHHO20

Hellmpuno uz Ikcnepumenma Heitmpuno-4

3.2 Cpasnenue ¢ IKCREPUMEHMAMU NO UBMEPEHUIO MACCDHI
Heumpuhno 6 skcnepumenme KATRIN

3.3 Cpaenenue ¢ 02pAHUYEHUAMU MACCbL HEUMPUHO U3
akcnepumenma GERDA
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Ipenckazanue 3QpPeKTUBHON MACCHI 3JIEKTPOHHOI0 HEUTPUHO M3

IKcnepuMenTa HedTpuHo-4 U cpaBHEHHE C IKCIIEPMMEHTAMM 110 H3MEPEHHUIO
macchbl HeUTpuHO: KATRIN n1 GERDA

Ym, =my +m, +mg = 054+ 0.11eV

2 2 2 2

m¢! = m?|U,;|2; sin?20q4 ~ 4|Uq4|%;
4vy ] el 14 14
e 2 ~ ZN 2
Ami, = my=7.3eV*, mim; m3; K my

my = (2.70 + 0.22)eV | | sin?26,, ~0.3340.07 (4.90) |

1 .
mzehfzfe ~ \/m421|Ue4|2 ~ 5\/7"42} Sin” 2614

‘ m¢!) = (0.82 + 0.18)eV ‘ m%, =0.68 +0.29

B skcnepuMeHTax no ABOMHOMY [-pacmaay Macca
MaKlOPaHbI ONIPEACIIAETCA COOTHOIIICHUEM:

m(OvBB) =/ UZm,/

m(OvBB) = mUZ | m(0vBp) = (0.25 + 0.09)eV |
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CPABHEHUE IMPOTHO3A MACCHI HEUTPMHO-4 C UBMEPEHUMEM MACCHI HEUTPUHO

Neutrino-4 KATRIN

eff 2|U,; |2 eff _
my, \/Z m;{ |U;| my, = 0.82+1+0.18 mg{’£< 0.8 eV (90%)

2 g vnd
Am7i, ~ my

2
(mg)) =0.68 £0.29| m$l/? = 0.26 +0.34

3V,

Effective mass and mass . .
. neff 2 mi,my,m3 < my eff2 _ 9
squared: my_, m’ my, =~ =

IapaMeTpbl YeTBEPTOro HEHTPUHO, MOJy4YeHHbIe B IKcnepuMenTe «Heiitpuno-4» sin® 20,4 ~ 0.33 +
0.07(4.90) n mi ~ 7.3 eV?, nomkHbl ObITHh HMCHOJBL30BAHBI B KAYeCTBE TAKHX JOMOJHHTEIbLHBIX
napametrpoB. Mbl aymaem, uto kosuiadopanuss KATRIN mpeacraBur Tako aHaju3 B OHOM U3 CBOMX

Oyayux nyoJIMKamuu J1JIs MOJTyYeHUusI OIeHKH miz,g




~ mSif < 0.8 eV (90%) (m;
m§, = (0.82 +0.18)eV |
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TABLE L Discretized final-state probability distibution F(E;) for *HeT™ (*HeH") following the 8 decay of a fiee T (HT)

G 2 CoS 2 6 molecule withmn the sudden approxamation. The mean excitzfion energies E; for both isotopes are given relative to the rovibromie
F C 2 ground state of *HeT and the recoil energy for *HeT*. The spectrum extends to 240 &V after which an atomme dismbution may be
Rg(E,m,) = — |M|?F(E,Z + 1) o e ol el
2 T E;i(eV) PLENT) EeV) P{E) (%) Ei(eV) PLE)

0.053( 0.048) D.O0DGH(0.0000)  36.450( 36.467) 1.6434(1.5166) B8.498( £3.403) 0.0757(0.0806)

0.124( 0.147) 0004600000 37.445( 37.45T) 0.9037(0_9546) B0.495( B9.498) 0.0696(0.0715)

X (E + me) (E - me) 2 mg 0.247( 0.247) 0.0233(0.0000)  38.463( 38.467) 0.4089(0.5051) H0.967( 90.962) 0.1236(0.1276)

0,351 0.347) 00553000000} 39.499( 39.485) 0.3978(0_4492) 92.983( 92.979) 0.108040.1102)

0.442( 0.447) 0.0457(0.0000)  40.506( 40.504) 0.4124(0.4280) 04,982( 94.981) 0.0966(0.0073)

0556 0.547) 0.2033(0.0000)  41.498( 41.502) 0.4152(0.3905) 96.982( 96.931) 0.0864(0.0867)

0.665( 0.647) 0.1649(0.0000)  42.498( 42.494) 0.3925{0.3795) 98.981( 98.079) 0.0776(0.0779)

X E ¢ f \/ (E 0o E — Vl) 2 — m12, ¢ (E 0o E — Vi — mv) 0.759( 0.747) 0.3877(0.0000]  43.504( 43.486) 0.3457(0.3308)  100.981(100.980) D.0703(0.0707)
0.850{ 0.876) 0.3808(0.2252) 44.511( 44.474) 0.3186{0.3122) 102.983(102.982) 0.0G36(0.0638)

i 0.837( 0.955) 0.6B09(0.5814)  45.404( 45.495) 0.2701{0.2006)  104.984(104.954) 0.0578(0.0680)

1.048( 1.087) L1214(1.2129)  46.481( 46.404) 0.2713(0.2538)  106.985(106.985) 0.0528(0.0529)

1.143( 1.162) LO112{(0.6216)  47.483( 47.472) 0.24B1{0.2438)  108.986(108.986) 0.0453(0.0484)

1.249( 1.260) 2.4406(0.6313) 48.513( 48.452) 0.2412(0.2236) 110.986(110.986) 0.0444(0,0445)

S ! ! 1.359( 1.344) 3.2337(3.0441)  49.408( 49.445) 0.1907(0.2201)  112.987(112.986) 0.0409(0.0410)
R B (E ,m,, m4) = (1 — | U e4 | Z)R B (E , m V) + | U ed | 2 R B (E ) m4) 1.451( 1.452) 40864(9.5173)  G0.462( 50.472) 0.1938(0.1989)  114.957(114.987) 0.0378(0.0378)
1.552( 1.583) 6.87T45(5.7372)  51.501( 51.513) 0.1760(0.1808)  116.987(116.987) 0.0350(0.0350)

1.657( 1.663) 6.6270(6.09808)  52.406( 52.401) 0.1575(0.1600)  118.988(118.983) 0.0325(0.0324)

T 1.745( 1.739) 5.1412(5.7803)  53.491( 53.494) 0.1541(0.1627)  120.988(120 938) 0.0302(0.0302)

1.834( 1.847) 6.5561(7.1064) 54.502( 54.507) 0.1435(0.1632) 122.988(122.988) 0.0282(0.0231)

1.940( 1.942) 3.4588(4,1076) 55.508( 55.512) 0.1557(0.1963) 12-1.939(124.939} 0.0263{0.0262)

HH it ; 2.044{ 2.044) 3.7231(3.3084)  G6.526( 56.331) 0.18095(0.2533)  126.989(126,5969 0.0246(0.0245)

prObablllty distribution 2.144( 2.150) 2.5473(2.7572)  57.518( 57.520) 0.2427(0.3266)  126.989(128.980) 0.0230{0.0229)

2.244( 2.270) L.6050(1.2274)  GE.520( 6A.536) 0.3357(0.3056)  130.089(130.989) 0.0216(0.021E)

2.344( 2.346) 113650 1.0046) 59.518( 59.507) 0.4095(0.4490) 132.000(132.900) 0.0203(0.0202)

2.510( 2.500) LG94T(1.4798) 60.505( 60.501) 0.4714(0.4895) 134,990(134.%00) 0.0191(0.0190)

2.762( 2.766) 1.0094(0.8381) 61.505( 61.506) 0.5034(0.5065) 136.990{136.990) D.0180{0.0179)

3.009( 3.009) 0.5732(0.4292)  G2.501( 62.504) 0.5152(0.5320)  138.990({138.990) 0.0169{0.0168)

32571 3.257) 0.2806(0.2117)  G3.503( 63.500) 0.5442(0.6690)  141.962({141.962) 0.0311(0.0309)

— 3.507( 3.506) D.1316(0.0985)  64.512( 64.496) 0.5850({0.6180)  145.964(145.964) 0L02TR{0.0277)
7] 3.757( 3.756) 0.0623(0.0446)  65.504( 65.49G) 0.6617(0.7003) 149.965(149.965) 0.0250{0.0249)
= 4.083( 4.082) 0.0420(0.0258) 66.510( 66.507) 0,7094(0.6969) 153.966(153.967) 0.0225(0.0225)
S 4.579( 4.579) 0.0080(0.0054)  67.500( 67.497) 0.7404(0.6898)  157.967(157.968) 0.0204(0.0203)
: 5.132( 5.076) 0.0D15{0.0009)  65.402( 65.488) 0.7164(0.6457)  161.965(161.969) 0.0185(0.0185)
= 5.647( 5.658) 0.0000{0.0002)  69.489( 59.488) 0.6563(0.5835)  165.970({165.970) 0.0169(0.0169)
,_C_U, 18.500( 18.773) 0.000040.0001) T0.486{ 70.487) 0, 5620(0,5037) 169.971(169.971) 0.0154(0.0154)
14.500( 19.680) 0.0000(0.0016) 71473 T1.475) D.4601{0.4318)  173.972(174.972) 0.0141(0.0142)

a 20.696( 20.645) 0.0012{0.0125)  T2.4TH{ T2.485) 0.3680{0.3547)  177.973{177.973) 0.0130(0.0130)
21.658( 21.615) 0.0113(0.0618)  73.486( 73.487) 0.3040(0.3003)  181.973(151.973) 0.0120{0.0120)

22 G27{ 22.590) O.0B56(0.2137)  T4.443( T4UT) 0.2210(0.2437)  185.974(185.974) 0.0111{0.0111)

23.508( 23.568) 0.2567(0.5507)  T5.446( 75.460) 0.1028(0.2020)  189.975(180.975) 0.0103{0.0103)

24.573( 24.549) 0.7149(1.1046)  76.465( 76.465) 0.A761(0.1862)  193.976(193.975) 0.0095(0.0095)

25,5500 25.532) 1.4804(1.7538) 774300 T7.428) 0.153000.1723) 197.976(197.976) 0.0088(0.0089)

26.529( 26.517) 2.3583(2.3500) TE.G12( TB.518) 0.121500.1236) 200.977(201.977) 0.0083(0.0083)

27.510( 27.503) 2.9715(2.6793) TO.464( T9.474) 0.1390(0.1597) 205.977(205.077) 0.0077(0.0077)

~ J\'. 28.493( 28.491) 3.0307(2.5804) BO.504( BD.522) 0.1216(0.1238)  200.078(2009.078) 0.0072(0.0072)

o 20 4TH[ 20.480) 2.5527(2.1803)  B1.510( 81.515) 0.1422(0.1459)  213.979(213.978) 0.0068(0.0067)

J T v T J ! ' T T | 30.464( 30.471) 1.8080(1.6225)  BR5Z3( 82.504) 0.13840.1356)  217.079(217.979) (L.0064(0.0063)

50 100 150 200 250 31.455( 31.470) L1070(1.1150)  B3.505( 83.508) 0.1368(0.1323)  221.979(221.979) 0.0060{0.0054)

32.490( 32.507) 0.7377(0.9200)  B4.499( 34.497) 0.1316(0.1265) 225080 226.980) 0L0056(0.0056)

E (ev) 33.557( 33.539) LOGIT(1.2964)  B5.490( 85.493) 0,1153{0.1082) 220.960(20.930) 0.0053(0.0053)

34.534( 34.519) 1.0095(1.8714)  B6.401( 86.499) 0.1076(0.1036)  233.981(233.930) 0.0050(0.0050)

35.492( 35.490) 2.2178(1.9702)  B7.493( a7.430) 0.0921(0.0012)  237.981(237.981) 0.0047(0.0047)




Yro nomxHa BuseTh KATRIN ¢ y4eTOM CTEPHUIIBHOTO HEUTPUHO C IapaMeTPaMU:

| my = (2.70 £ 0.22)eV |

| sin226,4 ~ 0.33 + 0.07 (4.90) |

diff.decay rate (arb.units)

1.0 -

0.8

0.6

0.4 -

0.2

0.0

2
— (1-1U_[") dr/dE(m,)
—|U_[* dr/dE(m )
—|U_,[*dr/dE(m ) + (1 - [U_,|) dI/dE(m )

m=0,m =27 eV,|U_|’=0.0936, E =18574 eV

calculations performed by R. Samoilov

diff.decay rate (arb.units)

1E-5 -

1E-6

2
——(1-|U_[) dr/dE(m)
— U, drdE(m )
—|U,[ dridE(m ) + (1 - |U_|) dr/dE(m )
m=0,m_ =27 eV, |U_[’=0.0936, E =18574 eV

18560

T T
18565 18570
E(

18560
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CpaBHeHHe ¢ OrPAHMYEHUSAMM HA MACCY HEMTPUHO M3 IKCIIEPUMEHTOB 110 MMOUCKY
JTBOMHOI0 OeTa-pacnaga 0e3 HEUTPUHO

10 BBIpakeHHEe JJis Mojenu 3 + 1 u ¢ npeanonoxenueM ml, m2, m3<«<Km4 M0OXHO YOPOCTHUT:

)

9 0 / 0 9 9 '} 77 RS, 9 9 > R [ AT ! .
mociacis + \/ Am3y + misiycize™ ™M + [ Am3zy + Am3y + migsiae “cp+m)| in NO,

) ST 2 2 2 2i(na+dcp bl 2 2 2 2 2i(n+dcp) T
mosi3 +\/mj — Am3ysiacize” PP + 4 fmg — Am3, — Am3 ciacize HRTooP) in [O |

|
Mee = E mUZ| =
i .

YHucieHHbIN pe3yJIbTaT B IIOKA3aH HUXKE.

m(0vBB) = (0.25+0.09)eV | m(OvpB)~ m, U2 | m(OVBB) <[0.080—0.182]eV
our estimation experlments

Haunydmue orpanrueHust Ha maccy MakopaHnbl ObLIM nojiydeHbl B akcnepume te GERDA.

3HaueHHE, IOYUCHHOE ¢ mapamMeTpaMu ocumnisinui Helirpuao-4, cocrasiaser m (0vgBf) = (0.25 + 0.09) eV,
4yTO B TpPU pasza INpeBblIaeT npeaen, 3agBiaeHHbId skcrepuMmeHToMm GERDA. 310 cymectBeHHoe
HECOOTBETCTBUE, HO J€JaTh JOCTOBEPHBIE BBIBOJABI MOKa paHo. Ecau B Oyaymiem mnpeaes MauopaHOBCKON
MacChl JKCIEPUMEHTa MO0 BOWHOMY OeTa-pacmaay OyleT IOHHMKEH M Pe3yJbTaT 3SKCIEePUMEHTA
HeliTpuHo-4 mnoOATBEPAMTCS, 3TO 3aKpPOeT THUIOTE3y O TOM, YTO HEWTPHHO SIBJISETCH YaCTHIEH
MAaMOPAHOBCKOI'0 THUIIA. 49



HenrpuHHas Moaeab ¢ OHUM
CTEPUJIbHBIM HEUTPUHO

IlapamMeTphbl CTEPUIBHOI0 HEUTPUHO

50



IHOJIYYEHHDBIE PE3VYJ/IBTATDI

Amf, =7.30+£0.13;, + 1.164,, = 7.30 + 1.17

sin*20 = 0.36 +0.12,,,,(2.90)

| my = (2.70 £ 0.22)eV |

| sin?260.4 ~ 0.33 + 0.07 (4.90) |

eff
m4ve

= (0.82£0.18)eV | |m§f =0.21+0.08¢V| | m

eff

4v,

=0.05-+0.53eV
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CxeMa cMeUIMBAHUSA apOMATOB HEUTPUHO, BKJIIOYAS CTEPUIbHOE HEUTPUHO

U uepapxus 3 PeKTUBHBIX MACC, nocrpoenusi Marpunbl PMNS B Monesiu
HeuTpuHO 3 + 1

CoOpaHHBIE B XOA€ JAaHHOIO aHajad3a Marepuall IO3BOJSET IEePEHUTHM K MOIBITKE
noctpoenust Marpuuibl PMNS B Monenun Heitpuno 3 + 1. [l 3Toro Moryt ObITh
HCIIONIb30BAHbI CICAYIONE BeMUuuHbL 1) sin® 26014 ~ 0.33 + 0.07 u3 SKCIEPHMEHTOB
Heitrpuno-4 + BEST, 2) sin*260,, = 0.024 + 0.013 (3Hauenue ommoOku B3sT0 U3 90%
orpaHuueHui skcnepumenta lceCube pucynox 27), 3) sin? 20, ~ 0.002 (3HaueHue us
OCTpOBa B 3aIITPUXOBAHHOHN obmactu), 4) sin® 2604, < 0.16 (orpaHHYcHHUE IOIYUCHO U3
pucynka 19 Toii xxe paborel 3kcriepumenTta lceCube). Torma PMNS marpuma B Mopenu
HEUTPUHO 3-X HEUTPHUHO:




CxeMa cMeIMBAHUSA apOMATOB HEUTPUHO, BKJIIOYAS CTEPUJIbHOEC HEUTPUHO
U uepapxus 3PPeKTUBHBIX MACC

L‘.mf‘ = 7.25 tvz Am“ 7.25 evl
R
am2, ~ 2.45 107 eV? ﬁ <, = 7.39 107 eV?
__"
\.:_ v, v l L L H
Jﬁmh =7 39.10"%eV? dm“ 2.45-10° Q‘ |
v I g v, v

PMNS matrix for 3-x neutrino model

e

PMNS —

0.82413-007
0.409+D93¢6
0.392100%3

0.547%5011
0.63419-022

0.14719-003
0.657+0044
0.54713:035 0.740%0033

PMNS matrix for 3 + 1 model

/>
v

0.782%7 016

yG+D _ | 04841305
PMNS 1 0.280+0.330
0.210-0.273

0.52413017
0.473%0047

0.148*3)
0.732F0:038

0.678+0.705 0.622+0.657
0.060+0.203 0.104+0.236 0.931+0.951

0.301%5:032
0.074%9:051
0+0.194

my = (0.05 £ 0.05) eV
my = (0.05 £ 0.05) eV
mg = (0.05 1 0.05) eV
my = (2.70 £ 0.22) eV

m$T = (0.82 £ 0.16) eV
eff— (0.21 +0.08) eV

eff— (0.05 + 0.53) eV
eff— (251 +257) eV

(msf)” =

eff
(m"f

(m5fT)°

(0.66 + 0.26)eV?
) = (0.04 + 0.03)eV?
— (0.0025 =+ 0.28)eV?

(mﬁff)z = (6.33 = 6.60)eV?
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KocMmoaoruga




KocMouiorust - pojib CTEPUJIBHBIX HEUTPUHO BO BpeMsi opMupoBaHus BcesieHHOM.
Hy’KHO JId cTepuJIbHOE HEMTPUHO JJI1 KOCMOJIOTUU?
EcJii HY’KHO, TO ¢ KAKUMHU NapaMeTpamMu?

Cynmia Mace HEHTPHHO )M, = My + M5 + M3 OTPaHHUEHA PE3yIBTATAMH KOCMOIOTHISCKHX HCCAeI0BaHuH 3HaueHAeM 0. 54+
0.11eV [19]. Beeaerue emé oga0ro HeHTPHHO ¢ Maccoil 2.7 3B BEISEIBaeT OUCBHIHEIE MIPOTHBOPSUHA ¢ STHMH OTPAHHUSHHAMH.
Kpome Toro. mvmeetcs onerka [B.A T'opoyros. [.C.Pyoakos. Beegenne B Teopuro panHeil BeeneHHoi | Ha BRIAI CTEPHIBHBIX
HeHTPHHO B ILIOTHOCTE 3HEPIHH BeeneHHOM!

2
sin20, m, \?2
2, ~0.2- y
v 104 (1keV)

it o) - = 4 -
CTEPII:[BHLIE HCHTPHHO © MacCOH F”I*’ - IF{E?V H MATBIM VITI0B CMCINMHBAHIIA 6’ e ].[} MOTVT OOCVAEIATECA KAK KaHTHIATEL

HAa TEMHVIO MATepHIO. HO T4 NapaMeTpPOoB CcTepHIbHOTO Helirpmao sin® 26, ~ 0.33 £ 0.07(4.90) u m3 ~ 7.3 eV2., Briax
CTEPIIBHBIX HEHTPHHO B IUIOTHOCTD 3HEPIHH BeeleHHO mOTy4aeTca MHOTO OOIBINE €IHHHIBL YTO HempHemTemo. OIHHM H3
BO3MOKHEIX BAPHAHTOB TEOPHH PACCMATPHBASTCA PACHIATL CTEPITBHOIO HEHTPHHO HA AKTHBHOE HEHTPHHO H (DOTOH.

MbI npemsiaraemM K paccCMOTpeHHI0 3P (PEeKT yCHIeHrne CMEIINBAHUA B YCJIOBUAX PEe30HAHCA

Pe3oHaHCcHasi IJIOTHOCTH BelleCTBA onpecac/jasicTcs

PR = _TnNATn2 COSZHl‘L/(Z\/EGFE) 3HauenneM Am3, = 7.3 3B?

Jlo pe3oHanca sin®20,4 < 10™%, Tocae pe3onanca sin®26,, = 0.33
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IosiBJIeHUEe CMEINUBAHUS NPH OBICTPOM He aAMaA0ATHYECKOM IPOXOKICHUHN Pe30HaHca?

Kakasi HyKHA IUVIOTHOCTH BellleCTBA, YTOObI
CKOMIIeHcHpoBaTh Am5, = 7.3 3B2?

P Vm1,2,3

miq23

Yroa

C“e““f“““” pr = myAm?cos2044/(2V2GrE)=
=4-10"r/c ™3
(cos20,, ~ 1)

KakoMy MOMEHTY BpeMEeHH M KaKOMY 3TaIy

‘ pa3BuTus BcesieHHOM COOTBETCTBYET TaKas
/ | g TN t IUIOTHOCTH?

tp Mi23 (sin®26,4 = 0.33) Y10 NpOoM30MAET MPHU MPOXOKIACHUN
pe3oHaHca?

Jlo pesonanca sin®26;, < 10™* ? Tlocae pe3onanca sin®20,, = 0.33 7
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Taoauna 1

K r/cm3

HenssecTHble 3aKOHbl GU3MKN,
KBaHTOBble CBOMCTBA
NPOCTPAHCTBA-BPEMEHM
paHMLA NPUMEHMMOCTU

ITanbl YBOJIOIIUU
Bceaennon

MnaHKoOBCKa

Cerotst 14 Mapa sier
10%3 ¢ PeNATUBUCTCKON TEOPUM 1032 10% 8.6-10%°
TTepexolt K YCKOPEHHOMY paciiipeHiio 7,7 Mapa et T
AppOHHan Bo3HMKHOBEHME 3apaa0BoOM
AL 103 ¢ P 10%8 1078 8.6-1015
acMMMETPUN
PexoMBHATI, 370 Tbic. niet 105 ¢ AHHUTUIALNA HYKNOHOB U 3.1012 1016 5 58.101
NEPEXOA K TBUIEBHIAHOM CTaMK 50 TBIC. IeT dHTU HyKﬂOHOB
pailiped MpaHUL,a NPUMEHUMOCTH
10%c 3KCMEPUMEHTA/IbHO 1012 10 8.6-101
S0 6B T T T T S e P NPOBEPEHHbIX 3aKOHOB PU3NKMN
[lepBiyHblii HKIOCHHTe3 103 ¢ AHHUIMAALMA ME30HOB 3-1011 1012 2.58-102
L I S O
| MaB le Ob6pa3oBaHMe PeNKTOBbIX
02¢ . LS 1 2.1010 107 1.72:10°
2,5 MaB OrierieHne HelTpHHO 0,1¢ HEeUTpUHO
200 MoB Mepexo KX (Uis 10l AHHUIMNALMA SNEKTPOHOB U 1010 10 8 6103
%, MO3UTPOHOB
g Vsnyuetus O6pa3oBaHMe NepBUYHOIO
100 3B\ Dnekrpocnabhiit nepexon [ 0,1 He \ 100 c I 108 10? 8.6-107
['eHepaums P || e
CHEPd
Gapronsof -\ ¢ - ! , 10° net OTpbIB PENNKTOBOIO U3/y4eHUs 4103 1020 3.44-1010
ACHMMETPHH N ’ 401”“"’”’ f“:“:"% L™ ' OT BellecTsa
N
S\ Tepaiumii [enepans Hayano BO3HMKHOBEHMA 3BE3
szorpea g Bewecrea 10° net a 30 10-26 2.58-1012
Matepuu M ranakTuK
Crams __~7 1-2-10%0 ner CoBpemeHHas 3noxa 2.7 102°-103° 2.32:10°13

HHASLHH



TpeOyeMmast pe30HAHCHAS IJIOTHOCTDH, KaK ObI 3TO He ObLJIO YIMBUTEIbHO, COOTBETCTBYET
peajibHOM MJIOTHOCTH BcesieHHOM B MOMEHT 00Pa30BaHUS PEJIMKTOBbIX HEHTPUHO

Q L
o ®)
S 14+ pr = myAm?cos264,/(2V26GpE) = {12
=4-10"r/cM?
12 4 5 5
Ami, =7.33B%E=1.7M>sB
(cos20 =~ 1) 5
10 4 OdpazoBanme e
Het TepmManmzanan DMEHUBHX
CTepHIbHBIX HEATPHHO HEHTPHHO E=1.7 M3B

| | | v | | I
4 3 -2 -1 0 1 2 3
MomeHT 00pa3oBaHue log t

PEIUKTOBBIX HEUTPUHO 53




BAKHBIE COOTBETCTBUA

1. Amj, =7.35B COOTBETCTBYET Pe30HAHCHOM IMJIOTHOCTH pr=4-10"r/cw™m3

2. pe3oHaHCHAs ILIOTHOCTL pPgp =4 -107r/cMm3 COOTBETCTBYET IJIOTHOCTH

BellleCTBA M TeMIleparype BelecTBa B MOMEHT 00pPa30BaHUSA PEJMKTOBbLIX HEMTPUHO:

Bpems 3Tan 3BOAOLUMN TemnepaTtypa, | MINOTHOCTD, | DHeprua
K r/cm3 , MPB

MpaHMLA NPUMEHNUMOCTH

10%c  3KcnepuMmeHTa/IbHO NPOBEPEHHbIX 1012 1014 8.6:101
3aKOHOB PU3NKU
JlenToHHaA
103 c AHHUIMNALNA ME30HOB 3-1011 1012 2.58-:102
Obpa3oBaHMe PENNKTOBbIX
0.2 ¢ £ S 2.1010 107 1.72:10°
HEUTPUHO

C.reiyeT 3aMeTHTb, uTo Am?, = 7.3 3B2 Mo:keT GbITh, HA060POT, MOJIYYEHO U3 ITHX
napamerpos. Hago mosarare, 4To 310 He ciay4yaiiHOe coBnajeHue!
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2,7K Ceroaust 14 Mapa ner BA)I(HI)II;'I BOHPOC
44K R YR B TR T 7,7 wapa et CrepuibHbIe HEUTPUHO UMEHHO MPH
Am?,~7.3 3B2
0,268 N 370 Thic. ser HYKHBbI IJI KOCMOJIOruu?
0.8 5B Mepexo/l K IMbUIEBUIHON CTaUK &fimc: et

paciupeHust

31ech MPOM301IEN BbLJIET PEJIMKTOBBIX HEMTPHUHO
B MOMeHT BpeMmeHu 0.1 cek

50 k2B 5 MHH

EEEEEEEEEREEEEIE
[TepBHYHBIH HYKJICOCHHTE3
I Mo e A T

Ol¢ < Am3,~ 7.3 3B2

—— COOTBETCTBYET PE30HAHCHOU IJIOTHOCTH

R ~4 -107 3 _

DneKTpocaadbiit nepexos 0,1 He \\ pR 4 10 F/CM E _ 1 7 MBB
PE30HAHCHAA IIJIOTHOCTD

COOTBCTCTBYCT IIJIOTHOCTH

2,5 MsB OrierieHne HeUTPHHO

200 M>B [Tepexon KX/

100 I'>B
- /’ ’r
[eHepauus ~

OAPHOHHOH T~ — -
ACUMMETPpUH N

lNopsiuas Beenennas
S S N 3 N O

N\

S e ¢ it P l"e}icpz}ulisl
. reunolt BellleCTBA M TeMIlepaType BellecTBa
- B MOMEHT 00pa30BaHUs PEJIUKTOBbI

HHOISIUK

HEeNTPUHO

CiieyeT 3aMeTHTh, 4To Am?, = 7.3 3B2 MoxkeT ObITh, HA0GOPOT, MOTyYeHO U3 IIOTHOCTH BeeeHnoii B

MOMEHT OTIerieHusi HedTpuHo . Hano mosiarars, 4To 310 He CIydyaiiHoe coBnajgeHue!?
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Bce Bonmpochl K TeopeTHKaM KOCMOJIOTUM!
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BI)IBOI[I)I N3 NMPCACTABJICHHOI0O aHa/JIHU3a:

Pe3yabrarbl HPAMbBIX 3KCIIEPUMEHTOB 0 MOMCKY CTEPUJIbHOI0 HeiiTpuHO — HeiliTpuno-4 u BEST

YKa3bIBAKT HA CYIECTBOBAHME CTEPUIBHOI0 HEMTPUHO € MapaMeTPaMU OCHMJIJISIIIAN: Amﬁ =7.30 £
0.13,; + 1.164y sin“20,, = 0.33 + 0.07(4. 90).

Ilouck CTepUJIbLHOI0 HEUTPHMHO HCHOJb3yd Peakrtopuyrw Mogeab, CoaHednyw Mogeab H
Kocmosiornyeckyro Moaeiib, CTAJKUBAECTCH CO 3HAYMTEJIbHBIMUA TPYIHOCTAMH H3BJICYECHHUS IMapaMeTpoB
CTePUJIBLHOIO HEUTPUHO HA (hOHE CJI0KHBIX MPOLIECCOB, MPOMCXOASIIIMX B ITUX 00bEKTAX.

AHaam3 NPAMBIX 3KCIePHMEHTAJIbHBIX JAHHBIX 10 MOUCKY CTEPUIbHOI0 HEHTPHHO B IKCIIEPMMEHTAX HA
YCKOPHUTEIAX YKAa3bIBaeT HA_ BO3MOKHOCTh COIJIACOBAHMSI Pe3VJbTAaTOB JKcnepuMeHTOB. HelTpuHo-4,
BEST, MiniBooNE, LSND, IceCube B pamkax HeldTpuHHoO#i Mogean 3+1 u mpeneax 3KcnepuMeHTAJIbLHOM
TOYHOCTH.

Oo6aacTb 3Hauennii 3¢pdexra Ha appearance B 3xcnepumenTax MiniBooNE, LSND He MCKJIIOYEHA, HO
OrpaHMYeHa TaHHLIMH Ha diSappearancé MIOOHHBLIX HEATPHMHO NPH HCIOJIL30BAHHH sin®20;, = 0.33 +
0.07 wu3 ’kcnepumentoB Heiitpuno-4 + TA(BEST) wu gannbiMu Ha Am3, = 7.30 + 0.13,, + 1. 165, M

ykcnepumenrta Herrpuno-4.

Ixcnepument MiCroBoone He 3akpbLI 00J1acTh Mpeacka3anuii u3 sxcnepumeHToB MiniBooNE, LSND.
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Ilpenckazanusa HEMTPUHHOU Moaean3+1
1. IapameTpsl cTepuiIbLHOrO Heiitpuno my = (2.70 + 0.22)eV u sin?20,4, = 0.33 + 0.07(4. 90')

«r o e
MO3BOJISIOT C 1€J1aTh OLEHKY 3P (PEeKTUBHON MACCHI 3JICKTPOHHOIO0 HEUTPUHO: m4£f = (0.82 £ 0.18)eV .
e

IkcrepuMeHT KATRIN He BUAUT CTEPUJIBHOIO0 HEUTPUHO U [1€/1aeT OTPAHUYCHHUE HA MACCY HEMTPUHO B

eff

3y, < 0.8 €V (90%0) nmosromy npsimoe cpaBHenne pe3y.IbTATOB He KOPPEKTHO.
e

MoOJeJd 3X HEMTPUHO M

2. ITapameTpbl 4eTBEPTOT0 HEUTPUHO, NMOJyUeHHbIE B dKciepuMeHTe « HeHTPUHO-4» 10/KHBI OBITH

UCI0JIb30BaHbI B 3kcniepuMente KATRIN B kauecTBe 10NOJHUTEIbHBIX NAPAMETPOB JIJISI ONpe/ieJieHIe

m%, m5, ma.

3. 3Hayenme MaliOpaHOBCKOW Macchbl , PACCYMTAHHOEe ¢ NapaMerpamu ocimuisuuii Heiitpuno-4,
cocraBasier m (OvgBpB) = (0.25 = 0.09) eV, uro B TpH pa3a mnpeBbIlIaeT Npeaes, 3asaBJIeHHBIN
ykcrepuMentToM GERDA. Ecaun B OyayimeM npeaeji MaiopaHOBCKOH MacChl IKCIIEPUMEHTA O ABOMHOMY
Oera-pacnaay OyldeT NMOHMKEH W Ppe3yabTar 3kcnepuMenta HedTpuHo-4 moaTBEepAMTCH, ITO 3aKPOET

THIOTE3Y 0 TOM, UYTO HEMTPHHO ABJAECTCH YACTHICH MAHOPAHOBCKOI'0 THUIIA.
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S 7] Ami, ~ 245107 eV? [am3, = 7.39. 105 eV?
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170 1‘5 2?0 2‘5
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£ ' ——=""Neutrino-4

< AR 16 26 36 m; = (0.05 + 0.05) eV m§ = (0.82 + 0.16) eV (ms)* = (0.66 + 0.26)eV?

S B | ¥ / / BEST my = (0.05 + 0.05) eV mT = (0.21 + 0.08) eV (msff)z = (0.04 £ 0.03)eV?2
3k m; = (0.05 £ 0.05) eV eff = (0.05+ 0.53) eV (m§ ff) = (0.0025 + 0.28)eV?
2] Amte =(7.8 0.1, + 1.16,,.) eV') my = (270 £ 0.22) eV Sif = (2514257) eV (mef)? = (6.33 + 6.60)eV?
= sin? 20,4, ~ 0.33 + 0.07(4.90)
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" e —" W WS ISP PSP sl e SRR ??
01 02 03 04 05 06 07 08 09 1 H-
sin®(26,,)
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IlepcneKTHBBI PA3BUTHUS IKCIIEPUMMEHTOB
U 3KkcnepumenTa Heiirpuno-4
10 U3MEPEHHUIO MAaPpaAMEeTPOB CTEPUIBHOI0 HEUTPHUHO
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Hokusan Kapusio Py66ua
PO MPOEKT MPOBEPKHM pe3ynbTrara sxkcnepuMenta Hentpuno-4

Experimental searches of
neutrino anomalies

Feb. 18", 14:40 - 15:10

(Venice NeuTel 2021)

Venice NeuTel 2021 1



NEUTRINO-4 reactor signal
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® Data has been collected for 3 years until June 2019, followed by background
measurements until January 2020: 720 days reactor “on" and 417 days reactor

“of f", with 87 reactor cycles.
® The difference ON-OFF is 223 events per day in the range from 6.5 to 9
meters. The signal/background ratio is 0.54.

® The obtained value of the difference between the masses of the electron and
sterile neutrinos is Am,,? = 7.26 + 0.13 stat + 1.08 syst => 7.25 + 1.09 eV? and
the angle 6,4, parameter sin?(26,,) = 0.26 + 0.08 stat + 0.05 syst => 0.26 + 0.09.
Lower probability satellite peaks are also observed at other masses.

Venice NeuTel 2021

Slide# : 4
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Neutrino layouts at Fermilab
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Similarities between NEUTRINO-4 and ICARUS

® ICARUS at the Booster (1) and at the NUMI (2) have remarkable
similarities fo NEUTRINO-4. We should be able to settle the

NEUTRINO-4 prediction both in the v—u with the Booster and v-e
with NUMLI.

® The Booster at about 600 m from the target can be directly
compared to NEUTRINO-4 with a target of 42 cm followed by the
detector between 6 and 12 m. with the v—u collected with ~ 100
times the energy. The number of Booster events with 1.6 us spill,

5 102 pot/spill, 5 Hz repetition rate are 12'800 ev/day of which
~7'800 ev/day are due to cosmic rays.

® The NUMI off-axis proton beam is located at ~ 700 m of
distance from ICARUS and at an of f-axis angle of 6 degrees. For
1 year with 0.75 Hz NUMI repetition rate and spills of 6 x 103
ppp we expect for positive (negative) focussing 4.64 x 10° CC
events/y (3.78 x 105 CC events/y).

Venice NeuTel 2021 Slide# : 13



General expectations for the future SBN data taking

® The data taking is based on a future and definitive
demonstration of the 2.8c L/E decay pattern observed by

the NEUTRINO-4 experiment.

® The experiment will be primarily dedicated to the following
four main observations:

» 1.- Detection of the v-mu disappearance in the Booster
beam with the ICARUS detector

» 2.- Similar detection of the v-e disappearance in the NUMI
off-axis k beam

» 3.- Comparison between the ICARUS at 590 m and SBND
at 110 m from the target in the Booster beam to test
validity of the 3-1 model and appearance of the v-e signal.

» 4.- Confirmation of a sterile mass for the effective masses
of the light active neutrino. The m 2 ~ sqrt[m,2|U 4|2)]
and m et and m_eff may be compared with future direct

vu

experiments, f.i. with next KATRIN.
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1.- Booster beam
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e The figure represents the survival oscillation probability in the presence
of the Neutrino-4 anomaly.

e The calculation has been performed considering a 3 years long run (~117k
vuCC QE contained events) for steps of delta(L/E) = 0.02 and considering
the best fit of NEUTRINO-4 parameters Am?,,=7.25 eV?and sin?

26,,=0.26 (only statistical errors are reported) |
Nénice NeuTel2021 Slide: 18

71



Results already after 3 month, with Ly > 50 cm
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e The additional request on the muon length Lu> 50 cm for a better u
identification has been also included (~8600 events expected in 3 months)

e It removes all the neutrino events with Ev<300 MeV and reduces the
statistics at low v energy, increasing the statistical errors at high L/E

Venice NeuTel 2021 Slide: 19 72



Conclusions

The problem of neutrino anomalies has been with us for about %
of the century.

The recent NEUTRINO-4 experiment is a major step forward,

however still statistically weak, representing only a 2.8 o signal.
Further analysis is needed.

The re-activation of the Fermilab Booster and NUMI beams is
expected by the end of 2020, followed by the initial operation
of ICARUS in both locations. Definitive and eventually
confirming evidences 1.- and 2 with v-mu and v-e are foreseen
after a few months.

After approximately the first year of operation, the SBND L-Ar
TPC detector will be added at a shorter distance of the Booster
beam to perform a definitive 5 o analysis of sterile neutrinos in
evidence 3.

Values of effective light neutrino masses will be calculated as
evidence 4.

Venice NeuTel 2021 Slide# - 36
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IlepcrnneKTUBBI pa3BUTHA
ykcrepumMenTa Herrpuno-4
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CxeMa HOBOM YCTAaHOBKH Ha peakrope CM-3

Bropasi HeMTpUHHAsA naﬁopzﬁopnﬂ
Ha peakTope CM-3
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Osxuaaercs yjaydlieHue CTAaTUCTHYECKON TOYHOCTH
ykcrnepumenTa Heitpuno-4

KoadpduumeHr
MeTop, Nocnepcreue yBenuyeHus
TOYHOCTU

4 peTekTopa B 3 pa3a 6onblunnt 06Bbem 1.6
Gd concentration B 4 pa3a meHblUue cay4arHbIX COBNaAeHUM 1.5
PSD B 4 pa3a meHblLe KoppenmpoBaHHOro GpoHa 1.3

O6wun KoadbdnumeHT
yBe/IMYEHUS TOYHOCTHU
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