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edesieHHbIe napaMeTphbl
PUHHBIX OCUMUMIALUN

740.03 Am2,, = (7.59£0.20) 105 V2

223 (2.43£0.13) 103 eV?
(bepHBIEC IapaMETPE

TOPHBIX KCIIEPUMEHTAX OCIIMIIAINIA HE OBLIO
)Y3KEHO [IOKA HE PACIIOIOKUIN IETEKTOP HA
IHAW, COOTBETCTBYIOIIUM JIUTMHE OCLIAIIALAN
conHeuHBIX mapameTpoB (KamLAND)

sin’20,; < 0.19 (90%CL) Am?;~ 25103 eV?

= PDG, 2009
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Pesynestat CHOOZ

Ve 2 V. (disappearance experiment)

World best constraint!
@Am?2atm = 2 103 eV?
sin?(20,;5) < 0.2
(90% C.L)
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nest akcnepuMeHTa

Hus skcriepumenTos CHOOZ u Palo
€ OOHAPYKWJIN OCIHUUISALMKA Ha
peakTopa, ObLINA MOJIy4YECHBI
IMYCHUS Ha aMII y ocumusinui 10-20%.
JIOCh, 4TO 6;;=0. 3aTem Bo3HMKIIa Ues, KaK
UTh YyBCTBUTEIBHOCTD SKCIIEPHMEHTA.
0KEHUE DKCIIEPUMEHTA B HOBOU IIOCTAHOBKE
n0xeHo Ha koHpepeHuusax TAUP-99 u

NANP-01
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Phyzics of Atomic Nuclei, Vol 63, No. 6, 2000, pp. 1002-1006. From Yadernava Fizika, Fol. 63, No. 6, 2000, pp. 1077-1081.
Original English Text Copyright © 2000 by Mikaelvan, Sinev.

REACTOR
NEUTRINOS

Neutrino Oscillations at Reactors: What Is Next?*
L. A. Mikaélvan and V. V. Sinev

Russian Research Centre Kurchatov Institute, pl. Kurchatova I, Moscow, 123182 Russia

Abstract—We briefly review previous and future reactor experiments aimed at searches for neutrino masses
and mixing. We also consider the new idea to seek small mixing-angle oscillations in the atmospheric-neutrino-
mass-parameter region at Krasnoyarsk. © 2000 MAIK “Nauka/Interperiodica”.

1. INTRODUCTION main goals of the proposed experiment are (1) to obtain
deeper insight into the role of the electron neutrino in
the atmospheric neutrino anomaly, (2) to obtain new
information about neutrino mixing (the U ; element of

The first long-baseline reactor experiment
CHOOZ'97 [1] successfully reached the atmospheric-

[ocne sroi nmybnukanuu coctosutack cepus Workshop-oB nipu koopauHaiuu
Maypu I'yamana (http:/ /www.hep.anl.gov/ndk/hypertext/) n
OIPEACIMIOCH HECKOIBKO SKCIICPUMEHTOB, KOTOPHIC HAaualld PeaTn30BhIBATHCS
B pa3HbIX cTpaHax. B ToM umcite co3ganack komiadopamus Double Chooz, B
koTopyto Bouwin ot Poccuu AN PAH u Kypuarosckuit MacTutyT
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penrnoXkeHue aKcrepmumMeHTa

)2 COCTOSITIOCH MEPBOE OOCYKACHUE
)OBEJICHU SKcnepuMenTa Ha ADC
a MECTE repruMenTa B 1997 1.

1002 |

)04 BhILIEI NTEPBBIA proposal sxcnepumMenTa
ex /0405032, 3arem okoHUaTeIbHBIN B 2006

ex /0606025

ObLIa ony6nrkoBaHa white paper (B 2004),
[1€ Mpeaiarajyuch SKCIICPUMEHTHI [0 U3MEPEHUIO
05 B pa3inYHbBIX CTpaHax, BKirodass Poccuro.

»
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eaKTop — 2 JAeTeKTopa

E JleTeKTOphI JOIKHbI
OBITh UICHTUYHBIMU,
C BO3MOKHO
OOJIBIIIEH
TOYHOCTBIO.
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LeTeKTop

CONERHEAD CRANE=—.___

RPC MODULE—-.

(LOWER SUPPORTEDyY

RPC MODULE—.._
{LIPPER SUPPORTED)

3 5 2 S8 1T S50 3RT AL X TS A

ANTENEUTRINO—
DETECTORS

WATER CHERENKOV—
PMODULES
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target 160 cMm pannyc,
320 cM BrICOTA

45 cM gamma-catcher

45 cm buffer

150 ¢cMm TosmrHA BOIBI

17




08.11.2010

RENO (Yongwang)
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LeTeKkTop

target 140 cm pannyc,
320 cmM BeICOTA

60 cm gamma-catcher

70 cMm buffer

Veto

\ (Water)

150 cm muon veto

rxujl\ll[loj
acplecs
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power station Near detector Far detector

(uranium 235, 238 & plutonium 239, 241) Far Detector Spectrum
p=2e +tn <E>~4MeV, Ey choqg =1.8 MeV
experiment: search for a departure from the
1/D? behavior and shape distortion

improve Chooz sensitivity 0.20 =» 0.03

Events/250 keV/3 years

=» Improve the
=>» and

4 5 6

E,:s in MeV

Vis
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H1a00pPduUvinA D!)ubja C OOZ

CEA/DAPNIA, Sacla . Institute for Nuclear Research RAS
?mnce Collége de France!EPC Paris KHSM Institute of Physical Chemistry RAS

Subatech, Nantes : RRC Kurchatov Institute

MPI Kernphysik, Heidelberg University of Alabama
ggmny Technische Universitit, Miinchen ‘U.S/q ? grgunlnﬁ h_latiopal Laboratory

Universitdt Tiibingen e rexel University

Universitat Hamburg Kansas State University

Universitit Aachen Spain Lawrence Livermore National Laboratory

. Louislana State University
CIEMAT Madrid
University of Notre Dame
Italy (B wes it
]

University of Tennessee
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s Chooz B cocrout u3 asyx
akTopoB 4200 MBT

1 MolHOCTH. 1o TNy

R . CreneHp

U cocrasmser 2-5%.

CHUA TOILJIMBA I10

Ha psgoM co crapoit ADC Chooz A,
IIEKCS B I'OPE.
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HHasd nadoparopusa Chooz

/4
/

——t

Bu ToHHENs niepes BXOA0M K
JIETEKTOPY
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HeTekTop

2.8% @ CHOOZ (2% réacteur + 1.5% détecteur)
.6% @ Double Chooz (0% réacteur + 0.6% détecteur)

Cible v: 115 cm pamuyc, 245 cm
BBICOTA

+20% PXE
+ PPO + Bis-MSB 54 cm

Zone tampon non scintillante :
huile minérale + 534 PMTs 100 cm

Veto muon : huile scintillante + 70 tubes
photomultiplicateurs 51 cm

Il Structure de support des 534 tubes
I photomultiplicateurs

Blindage: 17 cm acier

08.11.2010 26



— Statistical error -

(Q0)4 Double-Chooz

5,55 m? 10,32 m3

t composition 6,77 102 H/m3 6,526 1022 H/m3

king period Few months 3-5 years

2700 CHOOZ-far : 40 000/3 y
CHOOZ-near: >110°/3 v

| error 2,8% 0,5%

Luminosity incerases L = At x P(GW) x Np

- Systematic error -

Chooz Double-Chooz

Reactor cross section 1.9 % —
Number of protons 8% 0.2 % Improve the detector concept

Detector efficiency 1.5 % 0.5 % Two identical detectors =» towards orelative~0,6%
Reactor power T . Careful backgrounds control =» error<1%

Energy per fission 6% _

08.11.2010



TUINNATOP

New DC Development:

- Solvent: 20% PXE (C,gH,5) + 80%
Dodecane (C,;H,4) + PPO/Bis-MSB

- 1 g/l Gd(dpm);: tris-(2,6-tetramethyl-
3,5-heptanedione) Gd(lll)  ,, ,

Features: ' DR
- Solubility (5 g/l)
- Attenuation length (full mixture)

>10m@430 nm /
- Good stability (rigid complex) L L
Stability: tested for 3y @20°C il T
- LY ~60%BC505
- Good for material compatibility
(Ph neutral)

- Good Radiopurity (sublimation)
_-226Ra+235)+228Rg+228Th+192EYy
< 150 mBqg/detector
- 90K < 500 mBg/detector

Transmittance for a 10 cm quartz cell

Theoretical understanding of the -
energy transfers (Confirmed by
measurements) T. Lasserre 26/05/2008 20

08.11.2010 28



: tris-(2,6-tetramethyl-3,5-heptanedione) Gd(III)



CBX: pH controlled BDK: beta-diketone
single carboxylate Gd-DPM
Gd-TMHA

rigid

medium (5 g/l)

, 440nm) | good (>25m, 440nm)
medium(60%BC505)
good (pH neutral)

medium (pH 4)

avg: liquid chemistry good: gas chemistry

ck, F. X. Hartmann, D. Motta, S.Schoenert, U. Schwan, “ Metal Beta-diketone
tors”, Presentation at the Workshop on Future Low Energy Neutrino Experiments”,
Technical University Munich, Munich 9-11 October 2003.

Gd-TMHA F. X. Hartmann, Low Level Scintillators and Gadolinium”, ibid (Munich) and “Scintillator

Development fora = Reactor Experiment in Europe (Double Chooz), Third Workshop
on Future Low Energy Neutrno Experiments, Niigata, March (2004) 20-22.
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- GC Solvant: 4 % PXE - 46% Dod. - 50% Oil
- 100 Kg Gd compound delivered

- PVDF coated Target Transport Tank (6m?3)

- Buffe( Oil Ordered

- = = :
MPIK new building for LS 3 iso-tanks ready for
storage, mixing and purification transportation, storage & filling




Amd_ = 2.5 10732 e\2 (20% uncertainty)

= Efficiencies included

= 1% ‘hin-bin” uncorrelated ermor
on background subfraction.

= Systematics 1Det = CHOOZ

= Systematics 2Det:
- Oy = 2.0%
- Oy = 0.6%
- Oy = 0.5%
- Ogp = 2.0%
- ﬂmz= Iﬂﬁ

Complementary
With T2K




CraTyc

TaK JAJIbHCIO ACTCKTOPA

€ YKUIKOCTHU IS 3aJIMBKU B
gl Ha ADC

OBJIEHA U TIPO a Bcsa cuctema cbopa

Malunuu

Ope HaYaI0Ch 3aM0JIHEHUE JETEKTOPA
Ope-sHBape OKUAACTCS (PU3NUECKUN MYCK

€JIbHO BEIYTCS padOTHI IO CTPOUTEILCTBY
gaboparopuu OJIMKHEr0 JETEKTOpa

08.11.2010
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AOJ1IT C OETEKTOPOM
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Tlomewmienne nist XpaHeHus
CHUMHTWLIATOPA Y BXO/A B
J1a00paTOPUIO

08.11.2010

€MKOCTH I XpaHEHHs CLIUHTHILIATOpA
33 M3 kaxmas.
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SVICTEMA 3arIMBKU CUMHTUIINTOPA B
JOMELLEHMNN XpaHeHUs

s

!/ /

ToHHENL CO CTOPOHBI BXOJIA B

J1a00paTopurIo
08.11.2010 37



08.11.2010

WIJ:IJIIJ‘ ART J-'IeTeKTOPa B

38



Schematics of Pressure Monitoring Panel

() Differential Pressures (1) Absolute Pressures
for Each Adjacent Vessel () Atmaospheric Pressure for Each Vessel
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OBEHB KuakocTn B BF n ee
eMreparypa

LM-PC

Enal

: [mbar]

SR
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dKJTHOYEeHune

OBITH TOTOB ITYCKY B Ha4YaJIe€
CJIE €ro BBOJa B
COCTOSIThCSA
panuoHHbIM meeting B bpasuiuu

pBBIX pe3ynbTatoB B 2011 rony.
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