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1" neHb

Bosblias yacTb AOKNaA0B MNOCBsLeHa peakTOPHOM aHOMasIU U NMOUCKY
CTEPU/IbHOIO HENTPUHO

[leTeKkTopbl HA pa3Hon cTaaun pa3paboTku/coopkn/Habopa CTaTUCTUKN
3HauMMbIX pe3y/bTaToB MoKa HeT

Bce o6elatoT K KoHUY fieta 2015 roga nosiyyunTb pesysbrarhl.
The Reactor Anomaly

» Observed/predicted averaged event ratio: R=0.927+0.023 (3.0 0)
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Neutrino-4

« PeakTop SM-3
« LS + Gd

« Co3spgaH npoTtoTun (400 n)

Project for NEUTRINO-4 experiment at 100 MW SM-3 reactor

Dimitrovarad (Russia)

ce plastic

detector
section with
_—
Reacfor: SM-3 reactorin Dlmltrnvgllwpm
{Russia): 100 MW
umgac core (35x42x42 cm?)
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First measurements of 1/R2dependence at the short
distances with prototype NEUTRINO-4 detector
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SBL Kopes

3 peakTopa, Kak BO3MOXHble MeCcTa YCTaHOBKU AeTeKTopa

[poToTnn

3mepunn ooH B ABYX MecTax Ha pas/simyHom yposHe ( 1.5 mw e).
Ncnonb3ytoT PSD (Pulse Shape Discrimination), nogasnset 55% dgooHa
K anpento 2015 roga yctaHOBAT OCHOBHOM [leTEKTOpa Ha peakTop
HANBIT

B aBrycte 2015 nnaHupyoT Ha4yaTtb Habuparb CTaTUCTUKY.

Prototype detector Prototype detector

- Dark box

© 1.3x0.5x0.5m° rectangular stainless
steel vessel

- filled with ~280L of non-scintillating
mineral oil

- covered with mu-metal to shield
against magnetic field

- Target
+ Muon veto

) ) ) + 50L of 0.5% Gd loaded LS (LAB-based)
+ 7 cubic steel chambers with 25cm thickness to cover 4

+ 5mm thick teflon sheet are installed
inside target vessel

+ filled with liquid scintillator

+ Lead shield . B
N - PMT

+ 10cm thickness

- to block external gammas * 6x8”" PMTs (Hamamastu R5912)



- AnuTenbHas 3aZiepxXkKa n3-3a KOHCTPYynpoBaHus nudrta
- K MmapTty — cobpaHHbIn aetektop Ha KASC
- Jleto 2015 roga — HaunHaloT Habop AaHHbIX

?— Plast. scnt.
/ T (u-veto)
Pb
— (y-shield)
CHZ +B
———— (n-shield)
Segmental L Cu (carriage
solid plastic I} frames=
scintillator T v-shield)
(2500 cells)
Sensitive
volume=1m3




Nucifer & Stereo (CEA)

* Nucifer 0.2% Gd 850 nntpos LS e Stereo

« 16 PMT e [1poTOTMN YCTaAHOB/1EH Ha

» PeakTtop Osiris (Saclay) 70 MBT nccnepgosaTtenibCKoM peaktope ILL 58 MBT,
nccneaoBaTesibCKUm BbICOKO o6oralleHHbIin 2°U, KoMnakTHoe

e YcTaHOBNEH N paboTaer yxe 2 roga a4po

« CobuparoTcd Ha4yaTb nosiyyaTb AaHHbIE B
KoHue 2015 roga

Results (PRELIMINARY) Detector design

Nucifer @ Osiris
5000
«sa0 o Six cells (40x90x90) cm? filled with
amo ) + ! * Gd-loaded liquid scintillator.
= = T
et e ¢ Moo v
g 17 s T ol 3 G D v/day. e Surrounding crown filled with unloaded
£ L] + t - liquid scintillator.
5o | @ Predicted value =
1500 307 + 32 v/day. = Containment of energy leakage
e Prediction
1000 o Data = Active veto of external background
s0.0 == Prediction with reactor anomaly
= MBMseDwwenna o Light collection :
Data taking period #
= Four PMTs per cell and acrylic buffer.

= Acrylic walls and optical segmentations
) i ) . with VM200.
@ Data taking will continue till the end of 2015.

@ Clear neutrino signal but high background level of the Osiris site requires an
accurate determination of all selection cuts. Ongoing effort on the reduction of
the systematics.

o Validation with prototype now.

On-going work :

o Application of PSD cut to decrease the correlated background.



PROSPECT

* BbICOKO 0b60rauleHHbIn ypaH
* Hunskni1 poH
e 8 Kr NpoToTUN

e [MTomepuan gooHbI

e [lpoToTumn

* BNVXHUI OETEKTOP AO0SXKEH
3apaborarb B 2015 roay

PROSPECT Conceptual Design

Deploy two segmented liquid scintillator detectors close to compact research
reactor core:

Solid experiment

Phase 1: Near detector O(2ton) - Precision spectrum measurement and
oscillation search

Probe reactor anomaly Phase 2: Near + Far detector O(10ton) - Enhanced oscillation search
Demonstrate reactor monitoring

* ]

°

@ 5- 10 m from BR2 reactor core Unique Features
* ]

°

2.88 T detector + 6Li doped liquid scintillator

5x 5 x5 cm3 PVT cubes
SLiF:ZnS(Ag) layers
@ Wavelength shifting fibres

@ Silicon photomultipliers

« excellent energy resolution

* |low dead volume

* movable near detector

W Lawrence Livermore National Laboratory PROSPECT Collaboration




IDREAM ANGRA

« XOTAT rge-HMoyab 3a rpaHuuen Hantm ASC e [1eTeKTop YepPEeHKOBCKOI0O U3/1yyeHuns
[N1A SKCnepuMeHTa (soga), 0.3% Gd
* MogenunpoBaHue pOHOB
 HauHyT B 2015 rogy

iDREAM composition

atector Tarcet Desic
Detector itself Detector L«Jrguf DouJrJ
Detector body
PMT with DAQ and trigger

Slow control with HY PS
Muon active veto (PMT, DAQ)

Embedded self-calibration tools

Passive shielding

Fire-fighting equipment
Supplementary tools

Assembling/disassembling tools

LS refilling

N, source

Calibration tools

Liquid Scintillator

————
—___bottom Active S7.eld

Liquid Scintillator mass production

Liquid Scintillator long-term tests 6




CONNIE (ANGRA)

* KorepeHTHOe paccesHue.

« CCD — TexHonoruda

1 cobbiTue 3a 4 aHA

16 okTa6ps 2014 roga Ha4vasn HabupaTb
CTaTUCTUKY

byayt nenatb upgrade

3-phase
CCD struclure
Poly gate
‘ electrodes
/

L

=—Buried
p channel

i
(10 k€2-cm)
Photo-

" -
sensitive X
T volume (\? Lr

(200-300um)

y 4 vy [ Bias
Transparent ¢ ¢ ( ¢ voltage
rear window ¢ ¢ ¢ ¢

DIFFUSION LIMITED HITS



KamLAND FEO

BceoObLLee oTK/1I0UEHME peaKTopoB nocse aBapum Ha dyKkycMme no3Bosinauv TuwaresibHo
N3MepPUTb COOHbI

3mepeHns reo-HEUTPUHO C OYEHb HU3KUM (POHOM

[Mony4nnn BO3MOXXHOCTb MPOBEPATL reo-mMoaenu

MnaHnpyetcsa upgrade (HoBble ®3JY, yBENTMUYEHHbI 0O HEM MULLEHN).

»Analysis : Comparison with Models 1823 [l *KamLANDZ2(-Zen) : better energy resolution 20/23

—— [BSE composition models] upg rade to KamLAND 'ZH |gh performance
3 W Geodynamical ., 4 .
~ O ™ Geoctenic g~ Geodynamical 30TW genolda{-ge opening *High Q.E. PMT * Winstone Cone
Y [ Comochenicl _Zall | basedon balancing mantle e s ——
'g j_g(y_gg_ynngg[t_gi_qg; viscosity and heat dissipation (CaFy, CAWO -
o 4 Geochemical 20TW Nal, ...
; based on mantle samples compared
= K“‘“L*‘RND i (=l with chondrites
E,, 2F Earth model Pradiclion Cosmochemical 10TW . ;
=T EPSL 258, 147 (2007) based on isotope constraints and 17"0-20"0, photon
I chondritic models — £=22% — 30% yield
| S S S RS B Photo-coverage > x2 X
0 10 23250 . 30 5 s Light Collecting Eff. > x1.8 1.9
Radiogenic Heat from U + = "Th (TW) ]arger Xe-LS balloon * New Liquid Scintillator x1.4

LAB based LS (8,000 — 12,000 photon/MeV)
energy resolution improved
: 6.4%NE[MeV]—4.0%/VE[MeV]

- KamLAND geo-neutrino flux translates to a total radiogenic
heat production : 11.2 *795 1 TW

- The geodynamical prediction with the homogeneous
hypothesis is disfavored at 89% C.L.

- All BSE compositional models are still consistent within ~2 @.

| ~1090k% enriched Xe u

geo-neutrino measurement

* improvement of U/Th ratio
* fiducial volume enlargement




Borexino FEO-

Ha gaHHbIN MOMEHT pe3ynbTaTbl HAXOASATCS B COrMlac C OCHOBHbLIMU MOAENSMMU
ByayT elle HabupaTb CTaTUCTUKY 2 roaa, No pacyetam nonydyar 5 o

CobupaloTcs akTMBHO KOMOMHMPOBATL CBOW Pe3y/bTaTthbl C pe3y/ibTaTaMu
rpPAAYLLMX 3KCNEPUMEHTOB

CobupatoTcsi NPOBECTN SKCNEPUMEHT C UCTOUHMKOM (100 KCi ***Ce-**Pr) aHTn-v_
[151 nccnenoBaHnsa ocUMINALMA Ha KOPOTKMUX paccTosiHuAX. KoHel 2015 roga.

-- The Borexino detector --

Borexino Experiment

External water tank 18m o
Sainlesssteel sphere 13.7m ¢
(1320m 3 PC)
Nylon outer vessel 11.0m e

Rope tendons
N

2200 Thorn BMI 8" PMTs
{1800 with light collectors
400 without light cgllectars) Nylon inner vessel 8.5m ¢
Fdudal volume 6.0m &
(used for solar
neutrino analyses)

208 PMTsin water for
External Muon Detector

Fiducial volume
(used for the geo-
neutrino analysis)

Seelplatesin
concrete for extra
shielding-

10m x 10m x 10cm
4m x 4m x 4cm

—

15/12/14 Romain Roncin @ AAP 2014



V KaK UHCTPYMEHT

 [1ONbITKX NCMO/b30BaTb HENTPUHO, Kak MHCTPyMeHT cBA3n (MINERVA at
Fermilab)

* llcnonb3oBaHne HENTPUHO, ANA OnpeaeneHnsa coctaea aapa U MaHTum
3emnu

 [1ONbITKN N3MEPEHUI HanpaB/IEHNA ABKEHUA HEMTPUHO ANA onpeneneHns
Hanpas/ieHN Ha NX NCTOYHUK (CBEPXHOBbIE, re0-HENTPUHO, CKPbITbIE
anepHble peaktopsbl) (Double Chooz) (HeonpeaeneHHOCTL 9°)



» PasHoObGpa3Haa temaTtumka
* TeopeTnyeckasa cekums
o 3aknyntenbHoe csioBo npeactaButensa MAIFATO

= A collaboration has recently
formed from disparate groups to
bring together their individually
developed detector technologies
with the goal of finally measuring
the coherent neutrino-nucleus

scattering cross-section at the
Spallation Neutron Swmy

« The collaboration’s stated
scientific goal is to measure
coherent newtrino-nucieus
scattering on numerous nuclei, and
with several detector technologies
with increasing precision ina
search for new physics.



* ges: nogaBnTb OOH Yy COBLITUI 0bpaTHOro beTta-pacnaga 3a cyet
OPTONO3UTPOHHOIO TarrmpoBaHus
o O(PGEKTUBHOCTL onpeaeneHns aHTUHENTPUHO 1.2%

Positronium Formation

Liquid Scintillators

Formation Probability "

Study of o-Ps properfies in plastic scintilators
and the possibility to enhance them doping the

scintillator with nano cavities

Plastic scintillators

e ' .é
EI-.FI.?E%/ \EI-.FI.EE%
k.

ortho-Positronium para-Positronium
fo-Ps) (p-Ps)

Total Spin =1 TotalSpin=o0
T fvacuum) = 142 ns. T {(vacuum) =125 ps

/ \

avs 2x511 kel vs
E,.=

Direct
Annihilation
Study of o-Ps properties enhancement in non
scintilating porous materials for a sandwich-like

Non-scintillating porous
materials




The great challenge: cosmogenic background
= In particular correlated background from:
= Hadronic component of cosmic flux
- Secondaries produced in the detector and its surroundings

= Of course, accidentals must also be controlled

Inverse beta decay

PasnnyHble metoabl 60pbLOLI C
dbOHOM B «Ha3eMHbIX» AeTeKTopax

Primary or secondary

Multiple secondary

Any other e- like deposition +
correlated neutron capture

Correlated Background
Reduction Techniques

Insensitivity: exploit Cerenkov
emission threshold dependence
on particle mass

Neutron Capture Pulse Shape
Discrimination (NC-PSD):
explicitly reject multiple NC

Fast Neutron PSD (FN-PSD):

explicitly reject recoil, capture

Topological (TOP): Use spatial
pattern of e+, NC, and/or IBD in

S A
n +
A,
n o
1%
S "
n v

neutron recoil, capture [\ neutron capture Yo M, 87 - position sensitive detector (**)
*L v I\M ; T * T (**) Ps detection is temporal variation
ST s | e N e p <o > etone o
h ; >\ ; ) iv,\ . /V\m\ - Veto!F|duc|a!|zaton (VETO):
cap n \ s | Use outer active layer(s) to
v isolate “signal” region
Lawrence Livermore National Laboratory e Paumansa | s ara Matisnal | abharatan:
Conclusions

Pro Con (%)
Simple, .
Effeﬂtive Narro\fv_ rejection
for bkg capability
class
Increased
. complexity;
Effective stronger rejection
for bkg - reduced signal
class efficiency;
constrains
material selection
Increased
. complexity;
E::)tggtlal ly stronger rejection
- = reduced signal
capability efficiency
Increased
Potentially ~deadtime,
broad complexity; )
capability decreases active

volume/footprint

. frnp——]
(*) Broad generalisations

= This community has long recognized the value of aboveground antineutrino

detector deployment for reactor monitoring and there are many serious

efforts underway to develop this capability

= The task is very difficult and is yet to be definitively realized

= The diverse range of technological approaches being pursed is a strength —

we will learn a great deal from careful comparison of residual background

sources in each

= |n the near-to-medium term we can expect to learn the S/B that can be
reasonably be achieved with existing approaches and to understand the

monitoring capabilities that could therefore be provided

= Everyone should keep up the good work!




MiniTime Cube / NuLat

[eTeKTop CKOHCTpyMpoOBaH
TecToBble 3anyCcku, oT/1agKka, KoCMUYeckme
MIOHbI

» [OTOBUTCSA Nepeesn Ha peakTop
* NulLat — Takon xe Ky0, TO/IbKO Ha
aBmnaHocue(?)
MiniTimeCube i~
Further Details B
- Scintillator e mm  PMT's
B 24 Planacon's XP85112

2.2 liters EJ-254

it il il _
1% natural boron (0.2% B-10) ~ BxBpixels each
loaded plastic scintillator : ﬁﬁ%ﬁ i Eiiﬁ% = 1532 channels/pixels
* Electronics EAST - Software
SCROD (IRS digitizer), COMPACT - initialization
- DIRECTIONAL . ..o
DAQ REAL-TIME )
* analysis
Fast timing imaging (~100ps), not Rejects noise on the fly

optics (time reversal imaging)
~10/day anti-neutrino events (inverse

Reconstruction of neutrino beta decay signature, for a large
direction nuclear reactor @ ~20m)



Segmented
detector

* HebosnbLuon pasmep
e [lpoTOoTUN

Segmented Scintillator Detector

[

scintillator with ZnS:AgFLiF screens
on outer surface
* 4 cells with plastic scinfillator
" Use of ZnS:Ag with sLiF allows
identification of neutron capture
* ZnS:Ag is sensitive to alpha from n-
capture on Li
* Very slow scintillator time constant
(~100ns) allows pulse shape
discrimination to separate n-capture
from y events
® This 4-cell prototype was intended for first
testing-backgroundrejection only

WDLS

* HoBble XUAKNe CUMHTUINSATOPbI
NS pas3finyHbIX 3a4au

Water-based Liquid Scintillator

» Tunable scintillation light from ~pure water to ~organic (LAB, PC,
DIN, PXE, PCH, EJ309):
»  Water-like WbLS: A cost-effective scintillation water with
Cherenkov and Scintillation detection
* Qil-like WbLS: A novel technology for loading various isotopes,
particularly for hydrophilic elements, in scintillator

. s >
Selfcontained S/F/5 to Anionic J
complete the FRET Cationic d ‘\‘
mcchnn.Lsm before H,O NOniOI‘I.iC*
quenching ™
Amphoteric®,

ethylene-oxide, sulfonic acid, amine, alkyl
sulfate, octylphenyl-ether,.. ., etc.

RATIONAL LARGRATORY

M. Yeh AAFP2014 5

Brookhaven Science Associates
12/16/2014




* Kutam

« LllaxTa + KpynHenwunmi B Mupe OeTeKTOP Ha XUAKOM CUUMHTUINATOpe =>

« O6wunpHaa dmsnyeckasa nporpamma (npobdnema nepapxmii Macc, pas/inyHblie YyTOUHHEHNS
HbIHELLHNX NapameTpoB, np.)

e OkoHyaHue cTpoutenncTBa K 2020r. INocne atoro 20 NeT — 3KcnepMMeHTasbHas
[eATeNbHOCTb.

 HoBble ®JY

«  The Underground Detector System of JUNO »

1) Using twe sets of Micrechannel plates (MCPs) to replace the dynode chain
2) Using transmission photocathode (front hemisphere) =
and reflection photocathode (back hemisphere)

~ 41 viewing angle!

1 100
A
3 “2  {insulated treste table
- }’E 2 Anode /
/:: . /,f" 4 ’i 3.MCP dodule ’ / A
4 Bracket of the cables e
/l 5 Transmission Photoca ! -
6.Glass shell e’
7.Reflection Photocatho
8.Glass joint Fully active sphere surface

. ) B " i3

Transmission rate of the glass: 40%
‘Quantum Efficiency (QE) : of Tmnamission Photocathode 30% ; of Reflection Photocathode 30% ;
Collection Efficiency (CE) of MCP : T0%.;

PD = QE,,.."CE +TRp,,,QEq.; "CE = 30%"70% + 40%"30%"*70%= 30%
Photon Detection Efficiency: 15% = 30% ; X~2 atleast!

#|JUNO PMT plan B: Photonics China PMTs

& |JUNO PMT plan C: new 20" Hamamatsu SBA high QE PMTs

Anaod Cobrero (CNRSHNZPI & APC) Anotod Cabrera (CMRSHMNZP & AFC)



TeopeTnyeckasa cekuma:
CNeKTP peakToOPHbIX HEUTPUHO

« Cnektp MMeeT aHOMa/Ino B parioHe 5 MaB

® Re-emphasize — All three experiments see the same thing!!!
9 H : _ Data (normalized to prediction)
Not just one faulty experiment — broad agreement. D2 (nomaised o precicte
—4— Double Chooz far juanis
® Different electronics and scintillator (to some degree) o #eno new mas
All three experiments
® Overburdens, backgrounds vary _ 115, Figure courtesy of S fetter
widely between experiments g M #‘I
L
® Other notable results: §ons HIRTTH, *
E - Statistical+-detector uncertainties 1[
® CHOOZ:A hint present,low CL . 1
1 2 3 4 5 ] 7
i i Prompt energy [MeV]
® Bugey3:Seems like no feature is present? Chooz, EP] €27 (2003)
® |arge non-scintillating volume in target? Binning! E’ 00 ¢* energy
¢ Something else!? = o v signal
- _ Bugey3, Phys Lett B 374 (1996) 200 |- —MC
1.1 -_ Detc,/Model 3 e =0
L E ::. I e e T o ..II--E “ Ch .
E M A | 5 L 1 i a i P ooz "
P S P S L Y ‘+'—~++ -
Pasitron energy (MeV) o 2



TeopeTnyeckas cekyns:
0030p TEXHUYECKUX CpeacTB
N BO3MOXXHOCTEN NPUMEHEHUNSA

Technical summary

We have performed very detailed case studies for the
DPRK and Iran

Antineutrino monitoring provides good sensitivities
for diversion for a wide range of small to medium
sized reactors

Detector capability is not yet existing, but significant
R&D for short-baseline reactor experiments likely
will resolve this on a 12-24 months timescale

Neutrino sensitivities similar (within a factor two) to
alternative, conventional methods

Calibration of antineutrino yields crucial next step

Safeguards summary

Antineutrino monitoring can determine the average
fuel burn-up in a reactor with good precision within a
few weeks of data taking.

Antineutrino monitoring is non-intrusive and can be
performed in situ at a running reactor.

The resulting timeliness of information is a key
advantage when dealing with a loss of the continuity
of knowledge.

BUT

None of the unique antineutrino capabilities have

currently a corresponding part in safeguards as
implemented by IAEA




WATCHMAN

BonbLlon AeTekTop YePEHKOBCKOTo U3nyvyeHuns (soaa)

Llenb: obHapyxeHne HebOosbLLUNX CKPbITbIX PeakTopoB Ha paccTtosHun ~1000 Km.
CKOHCTpYMpoOBaH 2-TOHHbIN NPOTOTUNM

3mepeHbl QOOHbI

WATCHMAN Phase |in context

Detector EGADS Hyper-K

Status Ongoing 2021 start (approx.)

Mass (kton) 0.2 560

Type Gd-WCD Pure H20 or Gd-WCD

Purpose Measure background Meutrino oscillations, proton
materials, energy decay, supernovae. ..
threshold WATCHMAN would

Too small to see reactor
antineutrinos

demonstrate Gd option for
Hyper-K or other future big
detectors

+ ECADS (Evabasting Cadelimlus's Actien an
Chetecior Sysbems

By pdicaned, realti=or Dy dodiai Cast by

Karvioba mine irear 5K

Will adderan aii s

the [ LAKIK grined

Fuezamars
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e CyulecTByeT MHOXeCTBO Npo6sieM y areHTCTBa NOMMUMO BOMPOCOB pa3paboTKu
aHTUHEUTPUHHbIX OETEKTOPOB

* HbIHelWHee pa3BuUTNE TEXHOIOMIN HE NMO3BONSET UCMO/b30BaTb aHTUHEUTPUHHbIE AETEKTOPLI B
KayecTBe MHCTpyMeHToB MATATO

e OTO MHEHMe NNLLb KOHKPETHOro nNpeacTaBUTeNs areHTCTBa...
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A loT'y of progresses have beevv
achieved aond discussed
at this AAP 20014 meeting
Proposal for AAP 2015:

Viginiav Tech, Nov/Dec 2015
(chair: P. Huber)
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