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1962 — HeMTpMHO 6bIBALOT Pa3HbIX TUMOB 3‘ Jun

1968 — leTekTnpoBaHmMe HeMTPUHO oT ConHua
1988 — lednumnT CONHEYHbIX HENTPUHO
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Macca—»

3apAn->

CNANH—

JIEMTOHBLI

=2.3 MaB/c?

2/3

w W
BEPXHUIA

=4.8 MaB/c?

-1/3

1/2
HUXHWIA

0.511 MeV/c?

172 e/

3NeKTPOH
<2.2 3B/c?

172 -I))

3/1EKTPOHHOE
HENTPUHO

~1.275 MNaB/c?
2{3
1/2

@

04apOBaHHLIN

=95 MaB/c?

CTPaHHbIN

105.7 MaB/c?
-1

=

1/2
MIOOH

<0.17 MaB/c?
0
1/2

MIQOHHOE
HENTPUHO

3

~173.07 M3B/c?

2/3
172 y
UCTUHHBLIA

=4,18 3B/c?

-1/3

1/2 b
npenecTHbIN

1.777 IaB/c?

-1

w B
<15.5 MaB/c?

0
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Tay
HEeNnTPUHO

*1

* Manas (Ho He HyneBas!)
macca

=126 M3B/c?

0

. H
6030H
Xurrca

* HeuTpuHO # ? =
AHTUHEUTPUHO
(Majorana/Dirac)

* S:V:T:A:P (npassie
HelimpuHo?)

* Pesiukmogbie HelimpuHo
(400 v/cm3)

* JIeKTPOMArHUTHbIE
csonctBa (MarHMUTHbIN
MomeHT ?)

KAJINBPOBO4YHBbIE

BO30HbI

* Ocumnnaunm
* CTepubHOE COCTOoAHMUE
* Nepapxus



O
OcumnnAUMM HENTPUHO

 AABneHne nsBectHo aaBHo (b.[ToHTeKOpBO Npeackasan).

* YNanaacb oT UCTOYHUKA, HEMTPUHO KaK 6bl NpeBpaLLaeTcs
N3 0AHOro BUAa B APYron n obpaTtHO («MEHAET OKPacKy»).

* Hobenesckasa npemua 2015 r. — 3a aKCNnepmMMeHTanbHoe
OTKpPbITUE OCUMNNALNMN.



OcUMNNALNMN HEMTPUHO

* CyuTaeTca, YTo BoNHOBAA GYHKLUMA HEUTPUHO COCTOUT U3 3 KOMMOHEHTOB,
COOTBETCTBYIOLUMX PA3HbIM Maccam: m;, m,, my .

M,y Ve
mo = Vu
M3 Vi

* CKnagpliBaAcb NO-pa3HoOMy (B pa3HbIxX paszax), 3T KOMNOHEHTbI 06pa3ytoT
3/IEKTPOHHOE, MIOOHHOE W/IN Tay HEUTPUHO: V,, V,, V, .

* PaccmoTpum, Hanpumep, 3NEKTPOHHOE HENTPUHO, KOTOpoe C GUKCUPOBAHHOM
sHepruei E BbINEeTeNO U3 UCTOYHMKA W ABUMKETCS B HanpaBaeHUu X.

© Y-

* TOCKO/IbKY Maccbl m; # M, # M3, TO U CKOPOCTM PACNPOCTPAHEHNA ITUX KOMMNOHEHTOB
BO/THOBOW GYHKLUNM ANA AaHHOM 3Heprun E Toxe pasinyHbl.

* MNoatomy 3a Bpema t HaberaeT HeHy/ieBas Pa3HOCTb X043, U Ga3bl CNOXKEHUS STUX TPeX
KOMMOHEHTOB HauYMHAlOT OT/INYATLCA OT UCXOAHbIX. Tenepb HEUTPUHO KYACTUUYHO
CMEHW/I0 OKPACKY» U Y3Ke He ABNAETCA YNCTO I/IEKTPOHHbIM



e
Ocumnnaumm HEUTPUHO

* UTaKk, HpOﬁ,ﬂ,ﬂ KaKoe-TO pacCToAHuUE, vV, 6y,c|,eT BbIMNAAETDb Y)XKe He KaK V,, a KaK
cmecb v, + VM +v.. Ewe yepes Kakoe-To Bpema casur c|>a3 AOOCTUTHET 2T, 1 BCe
CHOBQA BEPHETCA Ha KPYrn csoA.

* Ecnuny Hac ecTb AETEKTOP, «3aTOYEHHbIM» HA PErNCTPALMIO MMEHHO
3/IEKTPOHHbIX HEUTPUHO, TO, N3MePAA UX MOTOK HA Pa3HOM paccToAHun X oT
UCTOYHMKA, Mbl C YOUBJIEHUEM YBUOANM OCUUNNALNN: KONMYecTBO oTcyeTtos N
CHayva/sa ymeHbLlmnTca (no cpaBHEHUIo ¢ 3aKkoHoMm 1/X2), noTom cHOBa BepHeTCs, U

T. A.

N

INTNSNN

) L | L | L 1 L )
L 2L 3L
* [NybuMHa TaKMX OCUMANALNIK 3aBUCUT OT NapameTpa sin?26, a nepmog L — ot
3Heprmnu E 1 pa3HOCTM Macc COCTOAHUIN, MeXKay KOTOPbIMU MPOUCXOANT
ocumnnauma — Am?2 . Ecam ectb ocumanaumm => Am?#0 => ecTtb HeHyneBas
maccalll

* BepoATHOCTb «BbIXMBAHMA» HEUTPUHO onpeaeneHHoro snaa (paensopa):

p(V,—V,) =1 —5in?(20) - sin? (1.267 Am? - L/ E)



OcuMNAALNN HEUTPUHO

* Ecnv HEMTPUHO HE MOHOXPOMATUYHbI, TO BMECTO OA4HOM
CUHYyCcOMAbl MONYyYaeTca uenbii Habop ¢ pasHbiMKM YacToTamu. Ecam
B CAMOM Ha4ya/ie OHM BCe CUHGA3HbI, TO C POCTOM AUCTAHLMUN BCE
«pPa3mMbIBaeTCA» N aCMMNTOTUYECKN CBOAUTCA MPOCTO K
3aHUXKEeHHOMY 3Ha4veHuto N.

L [m]

0 2 4 6 8 10 12 14 16 18 20

* Pa3mbITMe BO3pacTaeT Npu yBe/IMYeHUn pa3smepoB UCTOYHMKA
n/Mnn peTeKkTopa, a TaKXKe Npu yxyalweHUn sHepreTm4eckoro

pa3peLleHus.
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O6wun Bua,

Ve Uel Uez Ue3
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Ve Url Ut2 Ut3

(my my mj)
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U, el ) e2 Ue3
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Kakne 6bIBatOT HEMTPUHO?

PeNnKTOBblEe HENTPUHO
(ocTanuck ot bonblworo B3pbiBa):

E=0.0004 5B ConHeYHble HEUTPUHO:

«HelimpuHHbIl 2a3» 7x10%° 1/em?/c E<20 M3B

HelTpuHO OT ycKopuTeneu:
no B

ATmocdepHblie HEUTPUHO:
~TaB

PeaKToOpHbIe
aHTU-HEUTPUHO:

E<10 MaB




Cosmological v

Solarv
Supernova burst (1987A)

/ Reactor anti-v

Background from old supernovae

Terrestrial anti-v

Atmosphericv

v from AGN -~

Cosmogenic
v

108
peV. meV eV

103 1 10° 108 10° G = 10
keV MeV GeV TeV PeV EeV
Neutrino energy



Tunsl SRCNeEPUMeEHTOB B PU3NKE HEUNTPUNHO
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YcKkoputen ! PeaKTopbl Teneckonbl

BHelwHUA
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[Mpamoe nsmepeHune
Maccbl

MNoa3emHble

=

BHYTPEHHUN

MCTOYHUK MCTOYHUK

VT'E

Discoveries

Operating
(divided by
primary
neutrino
source)

Construction
Retired

Proposed
Cancelled
See also

Neutrino detectors, experiments, and facilities [hide)
Cowan—Reines (v,) - Lederman—Schwartz—Steinberger (v),} - DONUT (v} - Neutrino oscillation » SN 1987 neutrino burst
Astronomical ANITA - ANTARES - BDUNT - Borexino - BUST - HALO - lceCube - LVD - NEVOD - SAGE - Super-Kamiockande - SNEWS
Reactor Daya Bay - Double Chooz - KamLAND - RENO - STEREO
Accelerator ICARUS (Fermilab) - MicroBooNE - MINERVA - MiniBooNE - NAB1/SHINE - NOvA » NuMI - T2K - COHERENT

Ovpg  AMoRE - COBRA « CUORE - EXO - GERDA - KamLAND-Zen - MAJORANA - NEXT - PandaX - XMASS

Other KATRIN - WITCH
ANNIE - ARA - ARIANNA - BEST - DUNE - JUNO - KM3NeT + SNO+ + SuperNEMO

AMANDA - CDHS - Chooz - CNGS - Cuoricing - DONUT - ERPM - GALLEX - Gargamelle - GNO - Heidelberg-Moscow + Homestake - ICARUS + IGEX - IMB - K2K - Kamiokande - KARMEN - KGF - LSND
- MACRO * MINOS - MINOS+ - NARC - NEMO - OPERA - RICE - SciBooNE - SNO - Soudan 2 - Utah

CUPID - GRAND - Hyper-Kamickande « INO - LAGUNA + LEGEND - LENA - Neutrino Factory - nEXO - Nueifer - SBND - UNO - JEM-EUSO - WATCHMAN
DUMAND Project - Long Baseline Neutrino Experiment - NEMO Project - NESTOR Project - SOX - BOREX
BNO - Kamioka Observatory - LNGS - SNOLAB - List of neutrino experiments




Oscillation Project with Emulsion-tRacking Apparatus

Alessandria
Emilia-Romagna
Monte-Maggiorasca
Monte-Prato

Piemonte

v 782km
neutrino beam ——>

Measurement of the neutrino velocity with the OPERA detector
in the CNGS beam

Abstract

The OPERA neutrino experiment at the underground Gran Sasso Laboratory has measured the
velocity of neutrinos from the CERN CNGS beam over a baseline of about 730 km with much higher
accuracy than previous studies conducted with accelerator neutrinos. The measurement is based on high-
statistics data taken by OPERA in the years 2009, 2010 and 2011, Dedicated upgrades of the CNGS
timing system and of the OPERA detector, as well as a high precision geodesy campaign for the
measurement of the neutrino baseline, allowed reaching comparable systematic and statistical accuracies.
An carly arrival time of CNGS muon neutrinos with respect to the one computed assuming the speed of
light in vacuum of (60.7 + 6.9 (stat.) + 7.4 (sys.)) ns was measured. This anomaly corresponds 1o a relative
difference of the muon neutrino velocity with respeet to the speed of light (v-c)/e = (2.48 = 0.28 (stat.) =
0.30 (sys.)) <107,

1. Introduction

The OPERA neutrino experiment [1] at the underground Gran Sasso Laboratory (LNGS)
was designed to perform the first detection of neutrino oscillations in direct appearance mode in
the v,—+v, channel, the signature being the identification of the v lepton created by its charged
current (CC) interaction [2].

In addition to its main goal, the experiment is well suited to determine the neutrino
velocity with high accuracy through the measurement of the time of flight and the distance
between the source of the CNGS neutrine beam at CERN (CERN Neutrino beam to Gran Sasso)
[3] and the OPERA detector at LNGS. For CNGS neutrino energies, <E > = 17 GeV, the relative
deviation from the speed of light ¢ of the neutrino velocity due to its finite rest mass is expected
to be smaller than 10°"°, even assuming the mass of the heaviest neutrino eigenstate to be as large

- ar : PR

a7 NP AN Mlaman o amean dae RN — et

lory of Gran Sasso

Uenb
Noea

Pabouyee Teno
PaccTtoaHue
Y4yacCcTHUKMU

NpPOBEpPKa OCUUANALMN V, >V
Ny4oK v, OT SPS B LNGS

T

150 000 pOTOIMYNbCUOHHDbIX AYEEK
732 KM
200 4/36 uHcT/13 cTpaH
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Karlsruhe Tritium Neutrino Experiment

-y
o

entire spectrum

rel. decay -amplitude
o o
(o] (o]

o
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o
N

o

2 6 10 14 18
Electron-energy E [keV]

© Karlsruhe Institute of Technology

o~
»

rel. rate [a.u.]

o
(2]
T

region close to endpoint

m(ve) =0 eV

only 2x 1073 of
decays in last 1 eV
interval

Lenb
Naoea
Pabouee Teno

PacctoaHue
Y4yacCTHUKMU

NpPsIMOe U3MepPEHNE MACChI
HENTPUHO

N3mepeHune "xBocTa" beTa
CnekKTpa

MAC-E-Filters

0

20 uHcT/7 cTpaH

m,<1.13B




Solar neutrino flux

BOREXINO
BORon solar neutrino Experiment (small)

10" g
107 pp[£06%] n3mepeHne NHAMBMAYaNbHbIX

e — )
|13r Be [+ 7 %] Llenb BK/J1a4,0B CONIHEYHbIX HEUTPUHO

10° 1A G0\ ; it pep [ 1.2 %

M PR Npea CUMHTUANALXM NPU OTCYTCTBMU GOHA
igr ‘ - CBEPXYUCTBIN CUMHTUNNALMOHHDLIN
10 fE 1217 %) Pabouee Teno KaslopumeTp

10 g :

1()/ T ‘ PacctosaHue 140 000 000 km

10° : %

e il YyacTHUKMU 160 ¢/29 nHcT/7 cTpaH

Neutrino Energy [keV]

*  WUN3yyeHune PP-uukna

* [lonCcK HENTPMHO OT amma-
BCMN/1ECKOB

*  WN3yyeHune roaosbix
MOAYNALMA NOTOKA HEUTPUHO

*  WccnepoBaHue Npoueccos
o0bpa3oBaHMA reOHENTPUHO

*  MN3mepeHne marHUTHOro
MOMEHTa HENTPUHO

photo: BOREXINO calibration







KocMunyeckme HemTpuHO




loea pernctpaumm — YepeHKoOBCKOe U3ydYeHmne

HenTpunHo nepeaaéT sHeprmo BTOPUYHbIM YacTULAM

— MIOOHaM.
MtooHbl 06/1343t0T 4OCTAaTOYHOM SHEPTUEN, YTODBI cosf. — C
NleTeTb ObICTPee CKOPOCTU CBETA B cpee & nv

Ham Hy)XeH noaxoaawmim o6bEM
YMUCTOM NPO3PAYHON KUAKOCTU







The Baikal
Detector
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[nobanbHaag HEUTPUHHAA CETb




BaKanbCKMM HEUTPUHHbBIN TENECKOT




Event type

Solar flare

Supernova

Neutron star
merger

Blazar

Chasing the ammonia
economy p. 120

Multi-messenger astronomy

Electromagnetic

yes

yes

yes

{ Two spindles are better
{ thanone pp.128 %189

S
13JULY 2018
sciencemag org

RAVAAAS

NEUTRINOS

FROM A BLAZAR

Multimessenger observations
of an astrophysical neutrino
source pp. 115,146, &

Cosmic rays

yes

Gravitational
waves

predicted

yes

MepBoe 0bHapyKeHue
HEeUTPUHO oT 6aa3apa

Neutrinos

yes
predicted

yes

RESEARCH

RESEARCH ARTICLE

NEUTRINO ASTROPHYSICS

Neutrino emission

Example

SOL1942-02-28

SN 1987A

GW170817

TXS 0506+056

from the direction

of the blazar TXS 0506+056 prior to
the IceCube-170922A alert

JeeCube Collaboration*}

Septen n

tion of TXS 05064055 and colncident with &
st of enhanced gamma+ay acthity abserved
since Apri] 2017 (29) by the Large Are Telescope:
(LAT)on the Fermi Gammaay Space Telescope
(24). Fallow-up cbservations of the bazar led to
the detection of gamma rays with energies up to
#00 GeV by the Major Atmospheric Ganma

are described in detad in (20). The sig-
hmmum.:mm ral cof

of the highenergy neutrino and the biszar flare
is estimated to be at the 3a level (20). On the
Dasis of this result, we consider the hypathesis
that the blizar TXS 0506+056 has been a source
of high-energy neutrinos beyond that singleevent.

Searching.

ay flare
this assoclation, we mw 9.5years of lceCube neutrino obsenvations to search for
genergy neutrino

an excess of hi

ToeCube manitors the whole sky and has main-
tained essentially continuows observations since

events,
and March 2015, Al

5.
mmmmammmmmmlmmmmtotmmvm

episode. This sugg
neutrino fhux.

Aprl 2008,

iz Hhelihood analysis, have previously been
published fr the data callected between 2008
and2015 (12, 16,27). Here, we analyze the ssme

s beliewd to be extragalsctic (2), but their
‘acceleration sftes remain unidentified. High-

fora
neutrino energy of 30 TeV (ar 03° at 1 PeV)
@,19.

data cllected from May 2015 unti] Octaber 2007
(21) The dsts span 95 years and cansist of six

energy newrings are expe be pro- ditt
‘sstrophysical neutrinos in | tor configurstions, data-taking con ditians, and
cosmic rays intersct with matter and amblent | 2013 (14 16). 0.
tghe to | tum 7, indicat The porthem sky, where TXS (5064456 s
pe several s observed trough Earth by loeCube.
Dewrings can travel through the Unhverse un- | PeV. He analyes

impeded by intersctions with other partides and
mdeflected bymsgnetic fieds, providinga means
© identty

have not succeeded in identfying individual
sources of high-energy neutrinos (12, 15). This

tracks are recorded each year from this hemi-
sphere of the sky ater passng the final event
Fewer tha

tudy
mcmm!hnw&-dm

the sky and that even the

nhen: nuclel with powerful fraction of the by neu-
dae to cur e of sght (7, are pom. | total dbserved . trinas of medisn energy -1 TeV reated incosmic
rent candidate sources of such high<nergy | - Reoa,
10 by loeCube, with observations in | locstions on Earth. However, or an sstrophysical
0 be highly var- where
thet ablzar, TXS 0506+056,
Ty o
Hgh-energy neutrino detector occupying an in-
tifiable source The | flux, which scales as ~£~7 (7). This allows for
Pole - was | further pawer i point source
tion. The detector consists of an amay of 86 , selected by the 3

vertical strings, nominally speced 125 m apart
and descending 0 a depth of approximately
2450m inthe fce. The bottam 1 Jan of esch string
s equipped with 60 optical sensors that record
Cherendov light emittad by reltivistic charged
perticles passing trough the optically transper-
ent soe. When b ‘muan neutrings fn-
fersct with the ice, they can create relativistic
muans that travel many kilomeers, creating &

A

(20), and reported & a public alent (22). EHE

are currently sent st a rate of sbout Hur
per year, and are based on well-reconstructed,
high-energy muon-track events. The selection
threshald is set half of

(12,16) can require asfew s two ar three, or a8
many & 30, signal events to stand out from the
depending @

the energy spectrum
AtAtia damiring of aveots fn nm

e events are estimsted to be swophysaal neu-
tinos, the rest belng stmospheric background
events. After the alert was sent,

Mummmhmm
analysis (26) and timedependent analysts (29)
that have 18, 27).

with best-

reorded
When ey pass through the aray. This alows the
reconstruction of the arighnal neutrino direction

“CeCibe Cotor s o and #kanore v I B
agplemtry ot
femat:andpsiconbe wicats

keeCube Colaboratin, Seince 361, 147-151 (2018)

tion,
fitting coordinates of RA 77.43'3% and Dec
+57240 5 (degrees, 12000, 90% containment
memmmmuemtnmmm

The anasls uses an unbinned
‘maximum el ihood ratio method to seardh far
an excess mumber of verts wnsistent with 3
paint source at a specified ocatian, given the

mmalnna:ummﬂ
1t vas son determined that the direction of
ToeCube- 109224 wass consistent with the Joca-

13 ety 208

event. Energy inbormation & Included n the def-
inftion of he 10elihood, asuming s powerlaw
energy spectrum E”7, with the spectral index y

8102 21 Ain: U0 /6206 9IS S0USOS Y WOR PIPRONMOG



https://en.wikipedia.org/wiki/SN_1987A
https://en.wikipedia.org/wiki/GW170817
https://en.wikipedia.org/wiki/TXS_0506%2B056
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!T,D,efl AOEPHOUN CNMEKTPOCKOMNN U PaAANOXUMNUN

* EDELWEISS - EURECA Dark Matter
* NEMO 23 (Y°°Mo , 82Se, 116Cd, ...)
* SuperNEMO 23 (82Se and/or 1°°Nd)
* TGV 2P (*8Ca) 2¢ (*°5Cd)
* GERDA + Majorana 2P ("°Ge)
* Legend 2P ("°Ge)
- e

Pointe du Fréjus

Tunnel routier de Fréjus titude 2932 m

FRANCE ITALIE







ITALY FRANCE

Main hall ; Fréjus road tunnel
-
HPGe room 2 SSS il

Services:
electricity, ventilation,
air conditioning

wolL

white room HPGe room 1



[1BonHoOWM beTa - pacnaa

2n - 2p+2e +2v,

Paul Dirac Ettore Majorana

~ 2 2p + 2e” ~
v=y N7Rt 5> - V=V
Ty, >10% net

B 2[3-aKcnepumeHTe IOBUTCA HE CAMO HENTPUHO,
a Napa 3/IeKTPOHOB, U Y}Ke NO UX SHepPrum
AenaeTca BbIBOA, O CBOMCTBAX HEUTPUHO
(ABNAETCA I OHO MAaMOPAHOBCKMUM, U €CNU A3 —
TO KaKOBa ero macca)

Pictures: http://www.pit.physik.uni-tuebingen.de/jochum/dbd /



PaanaumoHHan YncToTa — KAtodeBor daKkTop

T, ~10%°>N,=6-102 — 1 pacnag 8 50 Kr B roa!

SuperNEMO Demonstrator Module Brazil Nut
20 tons 4 grams
Radon emanation into tracker must be < 1.5 mBq 400 mBq of Radium decays




JKrcnepmumeHT lemaensbepr - MocKBa




[1BoMHOM BeTa-pacna obHapy*eH:

' 'Klapdor-lileingrothéus et al.
25} OVBB? NIM A 522 (2004) -

\ PLB 586 (2004)
20¢ -
§15 -

10 iN

e
- -
v

2000 2010 2020 2040 2050 2080

2030
Energy, keV

Mo yTBEpKAEHUIO naepa Konnabopaunm
OvBB obHapyKeH c ypoBHEM
nocrtosepHocTn 4.2 o

HabpaHHas ctatuctuka — 71 Kr x rog,
(1993 —2003)

<m >=0.2-0.45 eV

Connts

F-

il

TOT »Ke CneKTp, NpPeACTaB/IEHHbIN
MOCKOBCKOWM rpynnow, Ho 6e3
NPob/eMHbIX AETEKTOPOB

HabpaHHasa ctatuctnka 1995 — 2001

L

| '—I_r 205% kel

L
i | L -I‘ i | i |

2021 20030 20k 20510 2060

A.M. Bakalyarov et al. Part. and E. keV
Nucl., Lett. 125, 21 (2005)




GERDA (GERmanium Detector Array)

clean room with lock -
' i — B -4

:{; SwTE] ﬂ’""

cryostat, @4m,
with internal = =
Cu shield Wi

f
I

water tank, @10m, part of muon-veto detector
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YCTaHOBKa AEeTEKTOPHOro 06 bEMa




«BHYTPEHHOCTU» KpMoCTaTa

- aug 2009 |

66 PMTs

< 39 y
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‘ lepBb|e pe3ynbTaThl
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Results on neutrinoless double beta decay of "®*Ge from GERDA Phase I
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PeakTopHble 3KCNepMMEHTbI Ha KaanHnHckon ASC

Pressurised Water Reactor (BB3P-1000)
Thermal Power: 3 100 MW

Neutrino Flux: ~6x102° ¥, / 4r / day
Campaign: 18 months
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Mpsmana permctTpauma peakToOpPHbIX HEMTPUHO

e U3mepeHue mowyHocmu peakmopa (N,)
e OnpedeneHue cocmaea monnuea (E )
* 3yyeHue ceyeHus (v-e) pacceaHus

e MoHumopuH2 pabomel peakmopa (momozpagus?)
8 pexcume peasabHo20 epemeHu (on-line)

e KoHmponeb Hapabomku opyxceliHo20 *3°Pu
(3a0a4u no HepacnpocmpaHeHuro)
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O6bI4HO ANA perncTpaumm HEMTPUHO HYXKHA, KAK MUHMMYM, TOHHA XUAKOTO CUMHTUANATOPA

OzHeonacHbIU

B3pbisoonacHbil
ToKcuyYHsbIU
Jlemyyul



BmecTo 3TOro moil ncnosabsyem CUMHTUNNATOP
ﬂﬂaCTMaCCOBbIﬁ, Ha OCHOBE NO/JINCTNPOJ1A

* CermeHTUPOBAHHbLIN

e cocnoamum Gd




o
Detector of AntiNeutrino based on Solid State Scintillator

HenTpuHHbIN AeTEKTOP

5 x5 =25 Y-Modules
3. o0u\e®
g %5 =1 iapcl\f;nl\_/l(odt le: 50)scmt.str|ps A0 (7B E G b
common
and 50 MPPC (individual) CULUHTUNNATOPOB
obwmm obvemom 1 m3
Y-Module PMT

X-Module

Cbem curHana: 50 ®3Y mn 2500
MPPC(SiPM)




CUMHTMANALMOHHAA AYEeMKa — KCTPUMN»

Rear mirror ends of the fibers

/ 4
i -
1cm
Y %\
4cm F
Polystyrene-based scintillator ‘ ’
WLS fibers

10
layers

5 strips =20 cm

y.

20 cml

Y5

Y4 Y3

Y2 Y1

i

Grooves

Gd-containing coat
(1.6 mg/cm?)

MPPC

Adapter with fibers of the X2 module
Adapter with fibers of the Y2 module

Y5 module Y2 module . WLS fibers
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[MpuHUMN perncTpaumm — obpaTHbIN beTa-pacnaj

CEKLI,MOHMpOBaHHbIﬁ nNact. CLULUHTUNNATOP C Gd-cnoamu



JlokanbHas
BCMbIWKa

3-20 us

BcnbiwkKa,
pa3masaHHaA B
NPOCTPAHCTBE C

pagunycom ~ 20 cm




!eaKTOpHaFI dHTUHENTPUHHAA dHOMAJINA

The Reactor Antineutrino Anomaly

G. Mention,! M. Fechner,! Th. Lasserre,’>2[{ Th. A. Mueller,3 D. Lhuillier,®> M. Cribier,":2 and A. Letourneau®

LCEA, Irfu, SPP, Centre de Saclay, F-91191 Gif-sur-Yuvette, France
% Astroparticule et Cosmologie APC, 10 rue Alice Domon et Léonie Duquet, 75205 Paris cedez 13, France
SCEA, Irfu, SPhN, Centre de Saclay, F-91191 Gif-sur-Yvette, France
(Dated: March 24, 2011)
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OcUMNNALMN HEMTPUHO HA KOPOTKUX PACCTOAHMAX
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Mpsmana permctTpauma peakToOpPHbIX HEMTPUHO

e U3mepeHue mowyHocmu peakmopa (N,)
e OnpedeneHue cocmaea monnuea (E )
* 3yyeHue ceyeHus (v-e) pacceaHus

e MoHumopuH2 pabomel peakmopa (momozpagus?)
8 pexcume peasabHo20 epemeHu (on-line)

e KoHmponeb Hapabomku opyxceliHo20 *3°Pu
(3a0a4u no HepacnpocmpaHeHuro)



I3MeHeHWe pacCToAHNA 40 peaKkTopa
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[penBapuTenbHbIM pe3ynbTaT

Ratio Dn / Up

RAA: Am2=2.3 eV?, Sin2(20) = 0.14

5 6 7
Positron Energy, MeV




[pyrmne ocumnnaumm?

Ratio Dn / Up

Am2= 1.4 eV2, Sin2(20) = 0.05

5 6 7
Positron Energy, MeV




© © ©
~ ~ ~
N N o

_l"_III‘III|II|‘||I|I||-‘-—L|—I—I-_|1:|‘III

Ratio Bottom/Top
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B0O3MOXXHEbIE IPUMEHEHUA

O0pbsicHeHne Nccaeaosanms Moberono
y TOBOPBI
Heirpunnas OTCYTCTBUL I1aBHOTO P P
C MHOIAaHeTsIHaMU
aCTPOHOMIA aHTUMAaTEePUU «aTOMHOTO peaKTopa»

Hepacnpocrpanenue CkopocTHbIe ITouck 3azexen
SAEPHOTO OPYXKIA KOMMYHMKaImn II0A€3HBIX MCKOIIaeMBIX




Bayecnas
Eropos
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BecHa. Okono gHAa poxaeHmna OANA — 26 mapTta




Mapk LLUnpueHko — ONAN NAMN HIOACKPX
Mark.Shirchenko@jinr.ru

+7-915-107-44-22
https://www.facebook.com/mshirchenko
https://vk.com/mshirchenko
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