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Yemvipe muna pynoamenmaivHoix
63aumooeticmbuil

* CuavHole B3aumodeiicmbus - gopmupobarue s0ep

* DaexkmpomazHummuusle 63aumodeucmbusi -
hopmupobanue amomob, mosexya, beujecmba

* Caabvie 63aumodeiicmbBus — pacnadv. u npebpaujeHus
INEMEHMAPHBIX YACTIUY,

* I'pabumayuonnvie 63aumodeicmbus -
hopmupobarue BeeseHHou

Oo0naxo ecmv Témuaa Mamepusa u Témuaa Iuepeus,

a 3Hauum ecmv euyé HOb LIl UAU HOBble MUNbL
G3aumooeiicmbuil



Ecmo npoepecc co 6pemén [Imoaemesn (127 -145 2.2.),
HO Mol noHumaem moavko 5% Bceaennoii .
Mot npouwiau ouens MHO20, HO NPUDAUSUAUCL OUEHb MAAO.




Acummempuﬂ HAuieco Mmupa

Coexistence is possible, transitions are complicated

= mirror world  coexistence world N~6-101°
@ e I ] L
mirror particles annihilation!!
particles

Coexistence is not

mirrqr antiparticles possible
@ antiparticles

antiworld

\/

mirror antiworld




Ratio of Observed To Predicted Events
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Reactor Anomaly

G. Mention et al., Phys. Rev. D83, 073006, 2011

' New Oscilation

[

. tosterile v? Atmospheric

- 11 Oscilation

il Solar

S Oscilation

L1 | L R RN C v rtal
0 10 100 1000 10000 100000

Kyoto - Neutrino 2012

Reactor To Detector Distance (m)

D. Lhuillier - CEA Saclay

See session 12




Phenomenology of Oscillations with Sterile Neutrinos

(3+1 Models)

* In sterile neutrino (3+1) models, high
Am? v, appearance comes from
oscillation through v,

— V, >V = (vu—> v.) + (V= V)

* This then requires that there be v, and v,
disappearance oscillations

— Limits on disappearance then restrict
any (3+1) models

« Strict constraint from CPT invariance

— Neutrino and antineutrino
disappearance required to be the
same.

(m4)2T* Vy

2
Am’ gyp

(1'1'13)g L ———— v,

2 a
(m,) —]P* v,
, | Am7),
(m,)'—]L1_ v,
v M lightest

13

m’ (eV?)

B Ve
. \'lll_[
m v,



Ratio of Observed To Predicted Events

Reactor Anomaly
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0.7

06

0.5
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to sterile v?
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Worldwide Reactor Efforts

Locati - : Reactor Basell Measures S
ocation xperiment | 5 (MW) aselines (M)~ ination Via: tatus
SCRAAM 3000 24 Energy Proposal
ATR | 10 7,12
USA
HFIR 85 7-10 Energy + Baseline Proposal
NIST 20 4-13
Nucifer 70 7 Rate, Energy | Built; Upgrading
France
Stereo 50 7-9 Energy + Baseline Proposal
Neutrino-4 18; 100 5-10 Energy + Baseline Proposal
Russia
DANSSS 3000 912,18 | RateEnergyat 1 o iiction
multiple positions
Korea Hanaro-4 30 6 Rate, Energy Prototype

e Segmented detector allows oscillation versus baseline analysis

e Many scintillator options: Gd-doped LS, Li-doped LS, plastic scintillators

October 5,2012

Littlejohn
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Worldwide Reactor Efforts: USA

e (Gaining consensus
on one US-based effort

Heeger, Littlejohn, Mumm, et. al.
See poster here at NNN 12!

e Some sites have better available baseline: NIST _
. =
e Some sites have better thermal power: ATR = J
: : = \ -
e Some site have smaller core size: HFIR = 11 S
1 ‘ $
e US groups have significant experience >
- - - CONLours
building detectors for non-proliferation SN
10—1E 1x1mm1$mmmsm
e Also significant oscillation analysis experience H  HRs Smeocndamee
- ATR, 12m closest distance
Ao Bl dector NIST (NSBR) Reactor Site ILL == s
for non-proliferation: 2012 2 . w \ 10_120'2 -———I--—[Gk;wﬁrﬁ;lzj. —
d; ‘ l» \.:;-:. sin22014
' \ & (5T ATR ® NSBR
Appro\w.mul,mdhu 2 /r lllllllllllllll @ ATR
% i AL available space |‘ NSBR @
- N gt
‘ ¥&\ : . *n".!ﬂ
% 4§ A SONGS
(i NS
N. Bowden, SNAC 201 I, Virginia Tech Courtesy of P. Mumm Courtesy of M.Tobin
Core size comparison and 5

October 5,2012

Littlejohn baseline spread at 10m distance

10
distance (m)



SCRAAM: Southern California Reactor Antineutrino Anomaly Monitor

i 1 =2 i + - i
i! os E ettt ‘..‘*'ha- o+ ++++ .t

*“E Spectral distortion @SONGS (24m),

w4 F AE/E=10% @ 1MeV v
o2 |- sin?(26) =0.165, AM2=2 4 €V?2 3
SR REei R Sty S ey R, (AT
Vizible Energy (MeV)
%1025 !
E | —— SONGS 5
ol e )
E —— RAA 80% CL } S H
core @: ~3m, - s 2
fixed baseline: 24m ERE <t
1=
Adapt existing compact detector . ATR 3o
design/technology, limited by IR o
backgrounds  SONGS 56
(150 days)
Limitations: Existing designs require qo2l—i i il
overburden for background reduction — 10° 10% 107

limits range of deployment sites, especially sin’(26,,)

very close (<10m) to compact cores : Ref: Bowden, poster 153-3
Karsten Heeger, Univ. of Wisconsin Neutrino2012, Kyoto, June 4, 2012 12



Opportunities with Reactor Neutrinos in the US

Reactor Power Fuel Baselines Detector Status

NRL, MIT 55 MW 2351 >3-4m proposal (Ricochet, MIT)

NBSR, NIST 20 MW 2351 4-11m proposal (Mumm, KMH)

ATR, ldaho 250 MW 235 12m proposal (SCRAAM, LLNL)
6 m site studies (Mumm, KMH)

HFIR, Oak Ridge 85 MW 235y 3 m (in water) |site studies (Mumm, KMH)
>/m

SONGS, San Onofre 2700 MW 235 238|) 239 241Py |24 m ongoing (LLNL)

key reactor features: power, basellne core S|ze on-off cycle fuel overburden

established access to variety of research and commercial reactors in user mode

neutron and near-surface backgrounds are key issues

Karsten Heeger, Univ. of Wisconsin

Neutrino2012, Kyoto, June 4, 2012

18




Worldw

e Nucifer

e Measure energy spectrum distortion at one baseline
e Detector built, has taken test data in 2012
e Addressing gamma shielding and GdLS issues

e Start oscillation data-taking in 2013

e STEREO:
segmente

A.S. Cucoanes for Nucifer, TAUP 201 |, Munich

£
4RSS St ILL

g

Trigger Rate [Hz]
§

g
TIY|'111Y

200 Reactor
1500 Shutdown

f'TIII-YYIIY'

2012 04 27
Figures courtesy of T. Lasserre

October 5,2012

Littlejohn 12



D. Lhuillier, M. Fallot

Nucifer experimen

t Contact: T. Lasserre,

e Osiris research reactor

— At Saclay, France
— 70 MW, ~20% 23°U
— Compact: 61x61x63 cm?

* Detector designed for
reactor monitoring
studies

— 850 kg Gd-loaded liquid
scintillator

15

- Jonathan Gaffioi - Reagtor exf _

a2 400 neutrinos expeeted



Commissioning and data taking

e Data taking since april 2012 £ )
— Agreement from French §MW /Co\
National Security Agency (ASN)  #*°F
¢ Remote control & automatic f::;ﬁiﬁﬁ
data transfert E
e Accurate monitoring gaes gains p7.) ol |
 Detector works well ! b bl

- 'Jonath4an Gaffiot - Reactor experiments to

09/15/2012 . .
test sterile nu's



Accidental background

Reactor OFF background on

. core —> primary loop
expectation @
Lo
[
Unexpected reactor ON background pool | 1 _ l 0
[ |
~ ~10 times higher than expected R
b
— Point to south, but reactor at east East | |
Ly

— Lead front wall is efficient
— Expected level at north

Primary loop water
activation

— High energy v leakage ' ||
from 16N AR

New south lead we

— Lead already acquired =
, yaeq Barycenters of the PMT's charges
o InSta”atlon at end OJthQr]Gfoiot—Reactor experiments to

09/15/2012

______

test sterile nu's

17

water deactivation circuit



Liquid scintillator upgrade
* Liquid scintillator shows unexpected short

attenuation length ~1m

— Vertex dependent energy reconstruction: degradation
of energy resolution

— Timno PQC(\IIIﬂO@ n . = a::elcted—.'— e i.ﬂ.a.r‘y’ S.I-'u'Cui"S Ol:.
ol e 2 F |E+30cmiop)

L S ggF |

F S JR 8 === 0 cm (center)

P el ‘ 700F—{ =] -30 cm (bottom)

1-- - - -1

E [MeV]

- Jonathan Gaffiot - Reactor experiments to
test sterile nu's

09/15/2012 18



0oSsC

(exp - no_osc)/ no

Contour after upgrades

Upgrades planned to be flnlshed earIy 2013
20%F
With upgrades: <OF
L T
300 days @ Osiris 5L
e : a
sl Loseas T e
1+++ N E SESCQIB_ ZA’ EEE
0.95 _|_—|— _|_ T+ 1 - MC detector response
0.9 —|— —+ + + | Ref spectra uncertamty
0.85[— _|__|_ 10_1 L Exp contour @ 95 % CL
o Best fit Am? and sin® 260 - Exp contour @ 99 % CL
. C Exp contour @ 5s CL
| maoevexe
o7y | X __BestFit
1 2 3 4 5 6 7 8 9 102 i Loi il i [ R B A A
Visible Energy [MeV] 102 107
_ , sin2(2qnewil
Expected spectrum distortion
- Error stat only - e |f present, sterile v hint possible
09/15/2012 - Jonathan Gaffiot - Reactor experiments to 19

test sterile nu's



ST E R EO p rOJ e Ct Contact: D. Lhuillier

* French and German project

* |LL research reactor (Grenoble):
— 57 MW, highly enriched U
— Compact: h=80cm, ® =40 cm
* Dedicated detector:
— 5 segments: L and E oscillation —
Site being discussed

— Active outer layer: high efficiency + with ILL
veto

— Muon flux attenuation =4,
thick CH2 and Pb walls (70 t)

Target:
Gd-doped
liquid
scintillator

- Jos#®h

Gaffiot - Reactor experiments to 20

09/15/2012 e
test sterile nu's



Worldwide Effort Towards Optimized Sterile v Search

Neutrino4, Russia
passive shielding muon veto

multisection detector
for segmentation in
radial direction

- Sl multi-zone active
| background
rejection

Hanaro-SBL, Korea

Wena Scintillator
(3cm)

Acrylic+ PRATs \

SUS tank

[Ernm Thick)

Reflactant
inside

Cd Fail
[LrriFv)

[
10 . Hﬂn:':x“mr:uln:ml il il
1n‘l t L . Palyethelene Shiclding [L0cm)
~ 155 156
'% ': nm:-'“.,w: == === _rﬂ n+ G‘iﬁ Gd+8M€V
2 _
,..55 0 3 n+°Li—"He+ H + 4.8MeV
- 1 - Y-a coincidence can effectively reject
:_ Reactor (Rate+Shape) + Gallium (Rate) bacl(gm_unds_ Lo
' No-oscillation hypothesis disfavored at 3.60 - PSF with 6Li-loaded scintillator may enable
15:_._‘,_ S - :";_, —— L,._m, on-surface detector with minimal overburden
sin’(20_ )
Karsten Heeger, Univ. of Wisconsin Neutrino2012, Kyoto, June 4, 2012 16
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Worldwide Reactor Efforts: Russia

® Neutr|n0_4 A. Serberoy, et. al.

arXiv:1205.2955

Long, segmented detector,
active shielding proposed

Passive shielding built,

characterized at 18 MW
reactor

Move to 100 MW reactor?

| & ¢
\k i Courtesy of A. Serebrov
el E - .
Y J
y X

e DANSS

T
e At 3GW Commercial ' *
i

reactor

e Highly segmented solid scint detector
being constructed - finish in 20127

® Propose to use lift to move detector to
different baselines

Littlejohn 13



Contact: V. Egorov

DANSS experlment

e Kalinin NPP #4 reactor

— 3 GW,,, VVER (Russian PWR),
extended core

* Segmented "XY" plastic
scintillator:

— Installation March 2013 (nex
OFF period)

— Under the reactor (~ 50 m.w.e.)

— Movable lifting platform: 9.7 <
L<12.2 m

—1m3and ~10* v, / day

09/15/2012 Jonathan Gafflot Reactor experiments to

test sterile nu
e Niitmearoiic tacte with < e



Contact: A. Serebrov

NEUTRINO-4 experiment

e SM-3 reactor in Dimitrovgrad (Russia):
— 100 MW compact core (35x42x42 cm3)
e 2 detector geometries currently studied:
— 24 sections 1.4x1.0x1.0 m3
— 5 sections moveable at 6-12 m
* Preparation at WWR-M reactor in Gatchina
e Future realization at SM-3
) " detector
105: de\,(‘ Stours | || H 4
- at SM-3, - i
10.- 95% C.L. |
— s core
° Am?, meV? €= = === N -
310
"gf :F 24 sections - S 5222
m-,: 5 sections
e Reactor (Rate+Shape) + Gallium (Ra’re) T e | 17 17
.| No-oscillation hypofhesus disfavored at 3.60 + . L .
e WWR-M reactor, 18 MW
sin’(2,,) Shielding studies SM-3 reactor
09/15/2012 - Jonathan Gaffiot - Reactor experlments to 24

test sterile nu's



Vv / V Source Sterile Searches

* My apologies to experiments | didn’t have time to mention: see backup slides!

October 5,2012 Littlejohn
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Antineutrino Sources: 44Ce-144Pr C

e Concentrated source of long-lived '#4Ce beta emitter
e '4Ce is long lived, daughter #4Pr short-lived, high Q-value above IBD threshhold

e Detect '“Pr decays via inverse beta decay

e Low background coincidence signature

e Detect oscillation through distortion with baseline

e Energy spectrum too
narrow to exhibit

much oscillation

85 d
1440, S

R-
<318keV 144
Pro\ \\R-<913keV
A N\, 1%
R-<2301keV \\
1% \

ot >

\ 12185 keV
R-<2996 keV\\ | 0.7 %

97.9 % 2
g

1444

120

8

# neutrinos per (E,R) bin

194p

] b 4 . V ~spectrum
. . o
VS — e
\. |
» i, .

Cribier, Fechner, Lasserre, et. al.,
PRL 107 201801 (201 1)

October 5,2012

Littlejohn
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Neutrino Sources: °'Cr

e S1Cr electron capture source

e Nearly mono-energetic 1-body decay, so oscillation doesn’t drop off with distance!

® Detect via elastic scattering off electrons

e Clean, low-threshhold detectors required

e Detect oscillation through distortion with baseline

T. Lasserre, Neutrino 2012
s Simulated Data with osc

~— Simulated Data without osc
SI1Cr (27.7 days) = = yand Be-7 solar v backgrounds
= = =1 MCI source signal with osc
427 keV v (9.0%) 400 il .
432 keV v (0.9%) oscillation
B B = signal (1 Mci)
R ——- A
747 keV v (81.6%) S5 300 B RN
752 keV v (8.5%) z B i e
20 KoV sool ' AMiey =26V SIN(20,,,)0.1
W ",",
Y Py " \
\ i 8e
Decay scheme of *'Cr to *'V through electron capture. 100 ‘ _‘ Red _’_,,——" "“:Oildof
“_ . -~ source induced ROWT™
N backgrounds background
o— ! e &L T vk piod 0 15 dew oo 6 IR I U B SN NN BN RN SN SN S N S
1 1.5 2 25 3 35 Bl
Radius R (m)

October 5,2012 Littlejohn 16



Daya Bay Source Experiment

0.5 MCi 1#4Ce source T

Littlejohn,Vogel
arXiv:1109.6036 [hep-ex]

e 35,000 events/year

-

e 35 cm tungsten shielding

S
=
[

‘Easy’ deployment in far hall
water pool: detectors undisturbed

Multiple source locations to check osc behavior

=
z

Oscillation Probabil

0.02

[
BN
=
S

0.00

: - 400 -2 2 4
Could install after 813 measurement % 0 =0 0 a0 G o

’i:\ - Energy Spectra: Background, Osc, Unosc
“i“:‘ ;35w—'_ T T T T l_'_
A= % s L E
‘!‘»)U'ﬁ : & 3000~ E
e g ]
—— 2 25001 =
4" - E
% 2000~ Es
1500 3 3
10001 _r_'f"" —— No Oscillation -
- —— AmP=1 eV, sirf(20)0.1
500:_ ...... Reactor Background |
- 1 | P oy Iy S Y | l:

85 1 15 2 25 3
Energy [MeV]

Littlejohn 17



CeLAND

e (0.05 MCi 1#4Ce source

40,000 events/year

40 cm tungsten shielding

Cribier, et. al.,
PRL 107 201801 (2011)

e Deployed inside detector

e Shield and source combined in-situ
to fit down chimney
e See many oscillation periods

e Conflicts with KamLAND-Zen

acrylics/nylon sphere

Chimney
R>0.5m

I/

Hoist. />
System
f///(»
,,,,,,, L)

) (fm
T
"

""'.O.C..‘\\\
| 1
'00'00. “EENCYL YA
A -
"Olif;l.J.OfO.\!\‘ )
SOKCHh'“Ces'“Pr (R=4cm) #e
FaS

)‘O

- ‘lmhbldlnq.(RMO cm)

.........

t | = = = Backgrounds (35cm W, 0.5cm Cu)
e Schedule after 2015 will be clearer after 7 10%
October collaboration meeting g
2
( ) > SN ey "1
: [ \ Backgrounds
Source - shielding Deployment| = [\ Reactor, Geoneutrino,
® 50" . Detector Backgrounds
§ B ai e
u’.l t R R T B ~ A et
1003 b > L - 2 —L L 1 1
Octobel Littlejohn : - 3adius R (m‘)‘ ; |86




Borexino

See Borexino Collab in Sterile Nu White Paper

e (0.05 MCi #4Ce source at center
e Like CeLAND:; not until after 2015

e ~10 MCi >'Cr source below detector
e Absolute rate measurement - no oscillimetry
e Must measure source activity to <1%

e Possible before 2015

10°

- Bismuth210

1000

100

ANAT [events/120days/100t0ns

Source events

10 \
02 04 06 08 10

October 5,2012 Littlejohn



counts per 25keV

i

SNO+ Sterile (

® 1+ MCl 51Cr source |nS|de SNO"‘ See J. Link, P. Huber in Sterile NuWhite Paper

e Oscillation with baseline

e Deployment is easy with wide SNO chimney

e Must have high-purity Tungsten shield

e Conflicts w/ SNO+ Nd phase: 2014

e Deploy after multi-year Nd phase?

108 p——r—————{ Energy Spectrum: Unoscillated v W ' Position Spectrum: Unoscillated i

source BG 0.2MeV <., <0.45MeV

107

10°

signal

10°

10*

counts per 5em

v, Signal

10° [ - —
det. BG '

10° B ] ‘

101.;11..1,.:'!.;..L....L4;..;AA¢A;

del. bkg.

03 04 05 06 07 08 09 10 . :

0 100 200 300 400 500
reco. radius [cm]

October 5,2012 Littlejohn 20
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Other Worldwide Reactor Efforts

See B. Cleveland, et al. i
SAGE 2 SetZriIe Ne:wl?iteePa‘lp;:

e Re-do SAGE ®'Cr calibration
with a 2-zone detector

e 3 MCi source

e Measure relative rate
differences between zones

e Significant $eie
funding issues '

1.25
1.20+
1.154
1.104
1.054
1.00 4
0.95+
0.90 4
0.85+
0.80 4
0.754
0.70 <

0.65

o T T T T | Emmn g 2 T 1
0 1 2 3 4 5 6 7 8 9 10

Am*(eV?)

: See LENS Collab. i
® L E N S Ste Il Ie Steii?e Nu Wh(iDte~1 PaI;er

10 MCi ®'Cr next inside LENS detector
Time coincidence: nu capture on Indium
Nearly background-free measurement

1/2000 prototype
exists: I\F/DlicroLyé)NS

presented at
APS 2012 meeting

Much prototyping,
R&D left to do

02 04 06 08 1 12 14 16
Signal Electron Energy (Ev-Q) [MeV]

October 5,2012

Littlejohn 27



Sterile Searches: Feasible Timelines

il

C

Antinu

Nu

Source

**NOTE#** - All dates are estimates - most proposals have no funding yet!

Reactor

Source

Experiment 2013 2014 2015 2016 2017+
US Reactor m >
Nucifer >
Stereo m >
Neutrino-4 ”m >
DANSS m >
Hanaro-4 m >
Ricochet Not pure...‘new’ technology, so mych R&D remaifing
Daya Bay Sterile xxx 03 rupning xxx >
CeLAND XXX Kan'I:_AND-Zen rupning xxx m —
Borexino '#4Ce xxx Solar ny running xxx m >
SNO+ >'Cr xxx Nd phas¢ running xxx " —
LENS Sterile Not pure...‘new’ technology, so mych R&D remaiging
Borexino *'Cr m >

Reactors appear to lead the way in terms of schedule

Energy + Baseline
+ Rate Signature

Baseline + Rate
Signature

Energy + Rate
Signature

Mainly Rate-only
Signature

Source experiments limited in time by competing detector uses

October 5,2012

Littlejohn
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14 peaxkmopnvix 3Kcnepumenmob na cmapme

v 1

l lllllll'_

n B g2 -
SR YR 3
A I R
Hanaro-4 ¢ ¥060 20 ; ¢
Ricochet -l: _" ¥ :
Daya Bay 1 T .
CeLAND )y vl IpiT
Borexino 1Ce ———_‘) ~ J— ???J ‘ L]
' " -+ + Daya Bay Near __:
SNO*'Cr RENO Near Al
SAGE2 Double Chooz Near -
LENS Stere 4 N
b IT l L L 11l I -
| z 10’

- 10 10
0 Distance to Reactor (m)

Energy + Baseline
+ Rate Signature

Baseline + Rate
Signature

Energy + Rate
Signature

Mainly Rate-only
Signature

3



Ixcnepumenm NEUTRINO-4

no nOUuCKy cmepuibHoco Heitmpuuo

6 [TV D,
u na CM-3
(6b100p cmpamezuu)



Possible scheme at WWR-M reactor PNPI

Reactor power - 18 MW
Size of active core— 0.6 m

Z

Experimental base 5—-10 m

L\
T& T
YT
A\

T —
I 3 |
il T
\ 51
J800

‘ | A48\ N
< oS
Detector have to be S

position sensitive and also
spectrum sensitive

36



Possible scheme at PIK reactor in PNPI

Reactor power 100MW, Size of reactor core 0.5x0.5 m3,
minimal distance 5 m, experimental base from 5 m to 15 m

- AKTMBHas
“* 30Ha

peakTopa
’ N AT W
\ _
N\ /
A N
N\ N

> peaKkTOpPHbIX
aHTUHENTPUHO

0l e+/% MAHE

Position of multi-section detector in experimental hall of reactor PIK
Shielding: 1 — muon veto, 2 - Pb, 3 - CH, + B, 4 —scintilator.



Experimental scheme at SM-3 reactor

Reactor power 100MW, Size of reactor core 35 x 42 x 42 cm3,
minimal distance 5 m, experimental base from5 mto 13.5m

10,567 A=A
A -
[
b & ) v antineutrino
nem. K-3 \
. # detector
E" hd 0
'rlgsg @
; T
e F nonks 5m
7276 }_
gate |* h
¥ l reactor
5610 | . core
reactor
- /|6
" . core
900 |* ¢
1,250 I




Pasmepor akmubrvix 301 U MOUWHOCMY peakmopob

BBOP-1000

pa3mep akTUBHOW 30HbI peakTtopa CM-3: 2700 MBT 3000 MBT
42x42x35 cm3

NIST ATR
ILL HFIR
CM-3 |
5
&
5
- i'
100 MBT

60 MBT 85 MBr
' ' 20MBr 250 MBT




Number of expected events
per 1m3 of scintillator for efficiency of registration 50%

WWR-M (16 MW) 300 0.6% - 1.1%

core counts/day-m3 c0unts/day -m3 (at 5-10 m)
0.6x0.7x0.7m3

SM-3 (100 MW) 1750 435 0.2% - 0.4%

core counts/day-m3  counts/day-m?3 (at5-10 m)
0.35x0.4x0.4 m3

PIK(100 MW) 1750 435 0.2% - 0.4%

core CountS/day'm3 COuntS/day.m3 (at 5-10 m)
0.5x0.5x0.5 m3



Ixcnepumenm NEUTRINO-4

no nOUuCKy cmepuibHoco Heitmpuuo

Ha peakmope BBP-M
6 ITVAID



IIpobaemvor pona u npeumyuecmbo
peakmopa CM-3



Neutron background in reactor hall

WWR-M (16 MW)

core _ y

0.6x0.7x0.7m? 2 -20 13 x 10
(n/cm? -s) (n/cm?-s)

SM-3 (100 MW)

core 5 . 10_4

0.35x0.4x0.4 m3
(n/cm?:s)



Research of conditions for carrying out experiment

on reactor WWR-M
(May - July 2011)




Concrete shielding




Lead shielding — 17 tons
with coating from B rubber

b
% ,\“'-

RV,
L 'Y

"?

F 3

L

l

=

‘ﬁ
|

46



Concrete shielding + Lead shielding

47



Installation of the movable detector to measure the
distribution of background

48



Concrete shielding + Lead shielding + (CH, + B)




Background of gamma-rays at WWR-M reactor

(with shielding, without shielding and reactor on, reactor off)
Shielding factor - 104 - 10°

£, 851 kew!

100 -,

URE

0.1

0.01

0.001 1

0.0001
0.00001
0.000001

0.000000

 Shielding:

- reactor on

Hall, reactor on

Hall, reactor off
=63 80

reactor off, 025¢
023 ¢!

1=3560 ¢!

E1750 ¢
‘ =786 ¢!

1

F131¢!

4000 6000 3000 10000

E.keV




Neutron background in shielding (cH, + B, concrete, Pb +B ) Shielding
factor - 10%-10°

WWR-M (16 MW)

core 8.9 x107 4.5 x 105
0.6x0.7x0.7m? neutrons (n/cm? -s) neutrons (n/cm?-s)
(with shielding) (with shielding)

SM-3 (100 MW)
core 5 x 104

3
0.35x0.4x0.4 m neutrons (n/cm?-s)
(without shielding)



Hpumgunbt nocmpoeHUuA IKCNeEPUMEHINA

1. O0noBpemennoe usmepenue 0CYUAIAYUIL 10 PACCIOARUIO U SHEP2Ul.
-2 . ﬂmﬂEwL
P~ sin“23,,.,, sin“( )
4F
v
2. Memoo nepemeujerue oemexmopa 044 usMepeHus 3abucumocmu om
paccmoAanua u HabA100eHUA CHeKMpPAIbHbLX USMEHEeHUT.

(npobaema - maraa cmamucmuxa, opeig peakmopa u demexkmopa)

(npeumyuecmbBo - omuocumeavrole usMepeHus, Kaiubpobxa He cmoav
aKmyaivHa)

3. Memood cexyuonupoBanusa demexmopa 044 usmepenua 3abucumocmu
om paccmoAHUA U IHePSUU HEUMPUHO

(npobaema - Bvicoxana mouHocmes KAAUOpPobKU UCKAIOUUIMEALHO
Baxkna, npobaema opeiigpa demexmopa)

(npeumyuecmbBo - Bvicoxasa cmamucmuka, Hem npoo.semol opeiga
pPeaxmopHo MOUWHOCHIN)

4. Komnpomuc - Memoo nepemeujerue 0emexkmopa ¢ MaibimM 4ucAoM
cexyuu



Experiment of L.A. Mikaelyan at Rovno Atomic Station
could be considered as prototype for one section of our detector

r 2z

L L 3

===l
=== ;

1- liquid scintillator, 2 - lightguide, 3 - FEU-49B,
4 — borated polyethylene.

Perucrpaimus AaHTUHEUTPUHO

- +
vV,+p-—>e +nr

FIG. 1. Schematic diagram of the experimental setup: 1—integrating de-
tectar; 2--scintillation-counter spectrometer; 3—polyethylene; 4—scin-
tillators of the anticoincidence shield; 5—tanks containing the liquid scin-
tillator (anticoincidence *“hood’); é—stecl; 7—hcavy concrete; §—
concrete; 9—additional shielding.




Perucrpanus aHTUHEUTPHUHO
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Expected conditions of measurements for single section ~500 | (based on the
experiment of L.A.Mikaelyan group at Rovno atomic station)

~
o

o
o

Count, (160 keV-10° s)1
O3
o

b daaev by e lasaabvnanbaanal

Channel

LJJlritlll[i|:|l;||1i1|11}11|:i1111111-14f
0 1 2 3 4 5 6 7 8
E.+, MeV

1 — neutrino effect + correlated background
2 — background of casual events
3 — correlated background



Moodeaupobanue demexkmopa u
66100p ONMUMANBLHOU CXEMbL
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Scheme with 8 PMT
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(with the light guide from :
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Scheme with 8 PMT

R8055 Hamamatsu 2ol
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Number of photons counted by PMT depending on the
place of positron birth with energy 4 MeV.
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Number of photons counted by PMT distributions from positrons with
energy from 1 to 7 MeV. Black line is the distribution for positron

spectrum.
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Scheme with 4 PMT
R8055 Hamamatsu

Y, CM
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Number of photons counted by PMT distributions from positrons with

energy from 1 to 7 MeV. Black line is the distribution for positron

spectrum. 59
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Scheme with 4 PMT
R8055 Hamamatsu 2
(with air) K
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Scheme with vertical PMT

Csetocbop 27 %

PMT
detector channel for
calibration
source
active
protection scintillator

system
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Scheme with vertical PMT

inside exterior
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density of distribution, arb. un.

Comparison of different schemes
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Boiopana cxema ¢ @IY nao Baunoil ¢ cyuuHmuiamopom
u 0e3 onmuuecKk020 KOHMAKma

CBeTtocbop 15%

density of distribution, arb. u

0 2000 4000 6000 8000 10000 12000
count

Number of photons counted by PMT distributions from positrons with
energy from 1 to 7 MeV. Black line is the distribution for positron
spectrum.



Ilodzomobxa 3xcnepumenima Ha
peakmope BBP-M
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Monmax ompaxxameas




Cucmema
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demexmopa
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Concrete shielding + Lead shielding + (CH, + B)




Brewnana anmucobnadenueckasn 3auiuma «30HMUK»
(32 naacmunwot 0.5x0.5x0.12 m3)




Brewnaa akmubuan 3awmuma u3 naacmuxa
c pasmepamu 0.5 x 0.5 x 0.115 M3

u O@IY-490

O

®3Y-49b6

Cxema aKTUBHOWM 3aLLMTbI



DIV-49 c naracmuueckum
cyunmuaamopom 0.5x0.5x0.12 m?




cyunmuaamoyp 0.5x0.5x0.12 m?
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Yy, CM

Moodeaupobanue c6emocoopa

. CueT ®3Y B 3aBUCUMOCTU OT
MeCTa ToOYeYyHOoro cobbiTmAa ¢
3Heprmnen 5 MaB.

4,950E+06
6,080E+06
7,210E+06
8,340E+06
9,470E+06
1,060E+07
1,173E+07
1,286E+07
1,399E+07

1,512E+07
1,625E+07

NIOTHOCTb pacnpeneneHnd, oTH. eal.
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4000 -
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0 — 1 - T T~ 1 1 "~ 1 T~ T T 1T - 17"
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
cyet

PacnpeneneHnune cyeta OIY.



Buympenaa anmucobnadenuecxas 3auuma u3
naacmuu cyunmuaamopa 1x 1x0.025 m?
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Buympenaa anmucobnadenuecxkan saumuma
(Monmax c ompaxxameaamu u ¢ PIY 85)




Ipdpexm nosnozo 6rHympenmnezo ompaxKeHus




Modeaupobanue axmubronu 3auumst U3 NAACMUKA
c pazmepamu 1.2 x 0.6 x 0.05 m?

70000

60000 -

50000 - CBeTocbop
4-6%

40000 -

30000 -

20000 -

10000 H

ol A DA SN

—
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

cyeT
. Pacipenenenne cymmapHoro cyera PIY:

ONTHUYECKUN KOHTAKT CUMHTHILIATOpA ¢ DY, CHUHTHILIATOD
00epHyT Oes1oi Oymaroii;

ONTHUYECKUN KOHTAKT CUMHTHILIATOpA ¢ DY, CHUHTHILIATOD
O0OEpHYT YepHOU OyMaroii;

—— Mexay @OV U CUMHTUILIATOPOM BO31YX, CLHIUHTHILISITOP
00epHyT Oesoi OyMarox.

NNOTHOCTb pacnpeneneHnd, OTH. ea.




INEKMPOHUKA




B HacToALWee BpemAa Mmbl UMeeM BO3MOXHOCTb
ckomnaeKktoBaTtb 40 300 cneKTpomeTpUu4yeCKUX KaHaNOoB.
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ABe neYyaTtHbIX NNnaTbl, KOTOpPbIE
BMeLlaroT no 22 KaHana

a

KOHCTPYKTMBHO KaHasibl pacnosioXXeHbl Ha ABYX NevaTHbIX nnaTax,
KOTOpble BMeLlaloT rno 22 kaHana. Ha ogHom nnare, KoTopas MOXeET
HaxoouTbCHA B HenocpeacTBeHHOU 6rm3ocTu ot getektopa (PIY, M4 v
ap.), pacnonaratoTca 22 3apsigoBOYYCTBUTENBbHLIX Npeaycunutens. JTa
nrara Yyepes ASIMHHbIN Wwnend (4o 6 MeTpoB, YTODbI BLIMTU 3a rabapuTbl
aKTUBHOW U NACCMBHOWM 3aLLUTbI) COEANHSETCS CO BTOPOW MnaTowu,
KOTOpas npeacraBneHa Bbllle Ha PUCYHKe.

Ha aton nnate pasmMelleHbl yeunmTenb, QUCKPUMUHATOP, NUHENHbIN
KranaH U cuctema onpeaerieHmsa koopauHaTbel cpabdbaTbiBaHUA.

Kaxxabli KaHan nMmeet nHaMBuayanbHY perynmpoBKy yCUNEHUs v
nopora cpabaTbiBaHUS — yrnpasneHne Naet Bpy4Hy NOTEHLUMOMETPOM.
Kaxxgbi KaHan MMeeT BbIXo aMninuTy4QHOro aHanoroBoro curHana ans
3anuncu cnekTpa v BbiXo4 TorM4eckoro curHana B ctaHgapte TTL gnga
nocregyrouwero ncnosib3oBaHus .

Takke nnara MMeeT CyMMapHbIW aMnNUTYOHbIN CO BCEX 22 KaHanoB U
OVUCKPUMUHATOP HMXKHEro YPOBHS.

Takue nnatbl MOryT 00beaANHATLCA B CUCTEMY C UBMEPEHNEM
aMnnNuUTydbl, BPEMEHM U KoopanHaThl AeTeKTopa.



Cuctema BbICOKOBO/IbTHOTO MUTAHUA — HanpAXKeHue ana Oy
Kpent KAMAK. KaxXabiy BbICOKONbTHUK A0 3KB, TO0 4o S5mA.

10 BBICOKOBOIBTHBIX HCTOYHHKOB NHTaHHA. KAMAK KpeHT.
Ka:RIbIH BBICOKOBOIBTHHK 10 3KB. T0 70 SMA

pre——
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INEKMPOHUKA




MopaepHunsnposaHHaa cuctema us lpeHobna npu
pernctpauumn no mertoay “KUHO”:

CocTtouT 13 ABYX TMNOB moaynen ( Bcero12+12)



MopepHu3npoBaHHaa cuctema Nnpu perncrTpaumm no
metoay “KUHO”:

*- NPOMbILLSIEHHLIN KoMMbloTep Mogenm iROBO-2000-40Q5TRHN

*- BbicOKOockopocTHou uHtepdenc PCI-VME dpupmbl NI mogenu
VME-PCI8000 ansa cuntbiBaHus gaHHbIX 3 VME 9U kpenTta B
KOTOPOM pacnonoxeHbl 12 moaynen obpabotkn curHanos RV000.42.
Bcero 12 kaHanoB peructpaumm amnnutyga+spems n 96 kaHanos
perncrpauum — amnnmTygHble BOpoTa + BpeMS.

* PCI-VME nHTepdenc ansa ynpasneHna VME 9U kpentom B
KoTopoM pacnonoxeHbl 12 mogynen RV000.39. Bcero 120
CNEKTPOMETPUYECKNX TPaKTOB (12 3anacHbIX)

NcnbitatenbHei cteH VME kpent 9U B KOTOPOM pacnonoXXeHo no
ogHomy moaynio RV000.42 n RvV000.39.



Mopaynb cnektpomeTtpuyeckoro 10 kKaHanbHOro ycunurtens

VME untepdeiic

DITH ECKITIT
0 mr

Ka)kablh KaHan COCTOUT U3:

-BXoAHOMN aAnddepeHUMPYIOLWMIMA KacKag, C
PEryIMPOBKOM MOOCA HOMb

- NepekntoYaTena NoAAPHOCTM CUrHaNa

- YCUNIUTENbHOTO Kackada C PeryiMpoBKoOm
KoadpduuymeHta ycuneHuna 1-100 yepes VME
LWNHY

- popmumpoBaTens KBasurayccuaH 6 nopsgka
- cTpobupyemoro BocctaHoBUTENA Ba3oBOM
NINHWUK, nopor cpabaTtbiBaHMA
AUCKPUMMUHATOPA YNPaBIAETCA Yepes WNHY
VME

- BbIXOAHOrO Kackaga



8 HezaBMCHMBIX

kananoe TDC+FIFO

MCA+TDC+FIFO
VME
uHTepeiic

|_JMCKPHMITHATOP
" CHTHANOE B
AMTLTHTYIHOM
oxHe - 9 mT

Mopaynb 06paboTku curHanos RV000.42 — 8 He3aBUCMMbIX KaHa/0B
TDC+FIFO wn 1 KaHanbHbit MCA+TAOC+FIFO (2004 roa npousBoacTsa)

Kanan TAC

BKkntoyaeT B ceb6a — AUCKPMMUMHATOP B OKHE
(coBmecTHas paboTa AUCKpUMMUHATOPA
HUMKHEro U BEepPXHEero ypoBHS),
MHOroCcTonoBbIN NpeobpasoBaTenb Bpems-
Koa, FIFO namAaTb - 4nAa xpaHeHue AaHHbIX O
BpemeHu. MNMoporu cpabatbiBaHUA
ANCKPUMUMHATOPOB yrpasaatoTca yepes VME
LUMHY N KOHTPOJIMPYIOTCA NO aMNANTYAHOMY
CNEeKTPY BCTPOEHHbIM MHOIOKaHa/IbHbIM
aHanunzatopom. laHHble n3 FIFO cumnTbiBatoTCA
yepe3 VME wuHy

MCA+TAC — BkatoyaeT B ceba
MHOTOKaHaNbHbIM aMNAUTYAHbIA aHA/IN3aTOP
MHOTrOCTOMNoOBbIM Npeobpa3osBatenb Bpemsa-
Koa, FIFO namAaTb - gnAa xpaHeHWe AaHHbIX O
BpeMEHU N amnautyge cobbiTnii. laHHble U3
FIFO cumntbiBatoTca yepe3 VME WwWnHy



Onpedesenue uybcmbumervHocmu
IKCnepuMenma



Onpedeaenue uybcmbumesvHocmu sxcnepumenma no HOUCKy

cmepuibHo20 Heumpuno Ha peakmope BBP-M
(TaKyto 3a4,a4y Mbl HE CTAaBMM, HO TEM HE MEHEE)

YyBCTBUTE/ILHOCTb onNpeAaenanacb ANAa AeTeKTopa

0.9 x 0.5 x 0.9 m3, pacnonoKeHHOro Ha PacCcToOAHUN 5 M OT
aKTMBHOM 30HbI peakTopa BBP-M. [leTeKTop cocToUT U3 2
cekuun annHom 0.45 m. PacueT nposeaeH Ana nusmepeHumn
C 2 MONIOXKEHUAMM AeTeKTOopPa Ha PACCTOAHUU S M N 5.9 m
OT aKTUBHOWM 30Hbl.



Onpedesenue uybcmbumesvHocmu 3KcnepumeHma no
NoOUCKY cmepuibHo20 Heumpuno Ha peaxmope BBP-M

I'Ipou,ecc OCLI,I/IJ'IIIHLI,I/HZ OMMNCbIBAETCA YPaBHEHNEM

2 2
P(V, > V,) =1-sin® 20 sin?(1.27 Am~[>B ]L[M])
E;[M>B]

[lna onpeneneHnsa 4YyBCTBUTE/NIbHOCTU SKCNEPUMEHTA

BbIMMCAANCA Y% ANA TMNOTE3bl OTCYTCTBMA OCUMUANALUNA.
Nckomana 061acTb YyBCTBUTE/IBHOCTU — 3TO 061acCTh, B

KoTtopown y2/DoF>2.6 (3 cteneHn ceoboapl, 95% CL).



Onpedesenue uybcmbBumesvHocmu 3KcnepumMenimna no noucKy
CMepuAbHo20 Heumpuno na peakmope BBP-M

CnekTp Mo3uTpOHOB PEAKLINU

V.,+p—oe +n

! YepHAs KpUBas — pEajbHbI CIEKTD,
KpacHasg KpHBas — PETUCTPUPYEMBIN
CIIEKTD.

cyeT, OTH. efl.
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OCITAIMN PEAKTOPHBIX aHTUHEUTPUHO JIJI pA3HBIX MTAapaMETPOB OCHMIUISALINN

sin20 u Am?2
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Onpedeaenue uybcmbumervHocmu sxKcnepumenma
NEUTRINO-4 na peaxmope BBP-M
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Oo6nacts uyBcTBUTENBHOCTU SKciepuMeHnTa NEUTRINO-4 3a 1 ron usmepenuit 95% CL.:

a - npu nudgdhepeHIaIbHOM METOE JI Pa3HbIX UHTEPBAJIOB CIIEKTPa MO3UTPOHOB

0 — Ipu UHTErpaJibHOM METOJIC 3€JIEHAsT KpUBasl.



Cpaauenue oo1acmeit uyecmeumejibHocmu Ixcnepumenma

HEUTPHHO-4 na peakmope BBP-M k napamempam ocuyunnayuil

1 dof Ay’ profile
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po3oeas u 3enénasn kpuevle — npoekm NEUTRINO-4;
uyepnasn kpueas — npoexm STEREO (ILL),
kpacnas kpuesas — npoekm DANSS (BB2P-1000).



Ixcnepumenm NEUTRINO-4

10 NOUCKY CIePUAbHO20
HeumpuHo
Ha CM-3
(npobepka ponobuix ycaobuii,
npoexm, MK modeaupobanue)



3aki04éH 10rosop o corpyaauuecrse ¢ HUUAP.
Corpyaauku CM-3 noaroroBU/IM nmoMemeHmne 11 HeMTPUHHOI0 IKCIIePUMEHTA.
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N3mepenne GoHOBBIX yCI10BHIl Ha peakTope CM-3.
14 — 17 ®eBpaus 2011.
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Hemonmax mexanusma wubdepa
HelmpoHH020 NYuKad.
Usmepenue nHeumponnozo ona

o



Yemanobxa donoanumenvrou sauumol
IIpobepxa nodabaenua HeumpoHHoz20 hona




Neutron background in shielding (cH, + B, concrete, Pb +B)
Shielding factor - 104 - 10°

WWR-M (16 MW)

core 8.9 x107 4.5 x 105
0.6x0.7x0.7m? neutrons (n/cm? -s) neutrons (n/cm?-s)
(with shielding) (with shielding)

SM-3 (100 MW)
core 5 x 104

3
0.35x0.4x0.4 m neutrons (n/cm?-s)
(without shielding)



IIpoexm demexmopa Ha peaxmope
CM-3

bnoxu aHTHCOBNAICHYNCKON 3aIIUTHI
OT KOCMHUYECKOT'0 U3JTy4YCHUS

Crenbl moMmenieHus 162

KoMOuHupoBaHHas 3amura OT
raMma U HEUTPOHHOT'O MU3JTyUYEHUS

‘ KabGenbHbIe
KaHaJIbI



IIpoexm demexmopa Ha peaxmope
CM-3

Crenbl noMelenusa 162
CBuHIIOBas 3ammra 6¢cM

3ammTa U3 OOpUPOBAHHOTO
AN nosnuteneHa 160cm

T

JleTexkTop peakTOpHBIX
AHTUHEUTPUHO

KaHaJIbl I[BI’II"&TCJ'IB 14
NEpEMCIICHUA ACTCKTOPA



IIpoexm demexmopa Ha peaxmope
CM-3

Perucrpauysi aHTHHEHTPUHO

POV nerexkropa

~ +
V,+p—>e +n

Kpebiika 6aka

<

OtnenbHas ceKlUsl AETEKTOpa C

e CUMHTUUIALIMOHHBIE TUIACTHUHBI

AQHTUCOBIIAJCHYECKON 3aLUTHI C
OOV
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Iamu-cexyuonnuii nepedbusknou
demeKmop aHmuHeumpuHo

POV nerekropa

Kpebiika 6aka

OtnenbHasg CeKLMsl AETEKTOpa C

SRR ACMEON ST CUMHTUUILIMOHHBIE TUIACTHUHBI

AHTUCOBIIAICHYECKOH 3alLLHUTHI C
OOV
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ModeaupoBanue demekmopa peaKmopHbvix
anmuneumpuno na peakmope CM-3
(HepabuomepHocmes c6emocoopa)

0,000

2,230E+05
4,460E+05
6,690E+05
8,920E+05
1,115E+06
1,338E+06
1,561E+06
1,784E+06

- 2,007E+06

2,230E+06

Yy, CM

Yucno ¢poroHos npumeammnx Ha @Y cexkunu AeTEKTOpa B
3aBHCHMOCTH OT MECTa POXKIACHHUS MO3UTPOHA ¢ 3Hepruer 4 MaB.



Moodeaupobannoe snepzemuueckoe
paspeuiexue

NMOTHOCTb pacnpeneneHunsa, oTH. eq

0 I 2050 I 40bO I 6600 I 8050 B 10000 I 12000
cyer

Pacrnipenenenue cyera OOV oT

MO3UTPOHOB ¢ 3Hepruer or 1 mo 7 M»aB.

[ITprxoBas JUHUS — pacHpeAcsieHUuEe st

CIIEKTpa MO3UTPOHOB.

cyeT

12000

10000 ~
8000

6000 -

4000 — %
+/

2000 - 4/

E, MaB

3aBUCUMOCTb A/17 BOCCTaHOBNAEHMA
3HEpPrum NosnTpPoHa no cyety OPIY



Modeaupobanue demexkmopa peakimopHbIX
anmureumpuno na peakmope CM-3
(nosumponuiii cuexan)

2800

] 1 nopor 950 (~0.8 MaB)
2400 - 1 f nopor 2700 (~2.2 MaB)

oy

2000

1600 -

1200 4

800 -

NNOTHOCTb pacrnpeaeneHns, oTH. ef.

400 A

0

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
cyert

CurHan ot NO3UTPOHHOTO cobbITUA B CEKLUMN
aetektopa. 1 — cuet ®IY aton cekumumn, 2 — cyer
@Y ocTanbHbIX CEKUUN AEeTEKTOpPA.



IpPexmubruocme pecucmpayuu no3umpoHHo20 codvimua 6
3aBucumocmu om 3Hepeun no3umpona npu nopoze 2.2 MsB.
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5 5] OPDHEeKTUBHOCTD perucTpanuu
@ 047 MO3UTPOHHOIO  COOBITHUS  MpW
s
g 0,3 1 nopore 2.2 MaB cocrasniser
B 024
68.8(5)%
0,0 T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8
E, MaB

MYHKTUPHAA NHUA — 3PPEKTUBHOCTb PErncTpaLmmn ANs BCEro CNEeKTpa NO3UTPOHOB.



P Ppexmubrnocms pecucmpayuu HellmMpoHHO20 cobbImuUs
(ymeuxa neutmponob u virem camma k6anmob 3a npedesvt demexmopa)
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Pacnipenenenue curHajioB oT HeuTpoHa. 1 — cuer @Y Bcex cekuuii JeTekTopa, 2 —
cueT @DV TOIBKO TOM CEKIUU JIETEKTOPA, B KOTOPOU MPOU3OIILIO COOBITHE.



AP pexkmubruocms peecucmpayuy AHMUHEUMPUHO 6 passuUHbIX
ceKyuAax oemexkmopa u noAnasa 3 pexmubuocms pecucmpayuu

Db hEKTUBHOCTh PETUCTPAIMKA HEHTPOHHOTO curHaia &, B CpeIHEH CEKIUHU JETEKTOpa Iph
HEHUTpOoHHOM TMopore SM»aB coctaniser 61.6(5)%.

C yyetom TOrO, 4TO ~20% HENTPOHOB 170000

160000 4 - 3
3axBaTblBaeTCA BOAOPOAOM C BblAeNeHMEM OKO/10 o
2.2 MaB  &£,=49.3(5)%. 140000 1

130000 4
120000
110000 4
100000
90000
80000 4

C yuéroM 3(PQGEeKTUBHOCTH PETUCTPALMU MO3UTPOHHOTO
coObITHs Npun nopore 2.2 MaB  68.8(5)%

KOnmn4yecTBO cobbITuin

3(GEeKTUBHOCTh  JICTEKTOpa B CpeaHen 700001
60000
CCKII1U, IOJIy4CHHasA B pe3ysibTare 50000 ] é/‘%””é’*“‘%\
T T T T T T T T T % T
MOJICITMPOBAHUS, COCTABIISAET A S S S S S
HOMep cekunn
348(5)% Pacnipenenenue COOBITHM MO CEKITUSAM.
m — bakTHYeCcKue COOBITHS

(paBHOMEpPHOE pacmpeaeneHue), A —
omnpeneseHne  MecTa  COOBITHUS B
pe3ynbTare MOIECIIUPOBAHUSL.



CoctaBneHa MK-moaenb geTeKTopa PpeaKTOPHbIX
aHTUHENTPUHO. PacyeTHaa 3PpPeKTUBHOCTb
NEeTeKTopa B cpeiHEN CEKLLIMMN COCTaBNAET

34.8(5)%. MNpwn atom 3aPpPeKTUBHOCTb
PErncTpaumm NnO3NTPOHHOTo curHana 68.8(5)%
(nopor ~2.2 M3B), HEMTPOHHOIO CUrHana
49.3(5)% (nopor ~5 Ma3B).



Cxema npocmozo nepemeujeHus, CmamucmuyecKas
MoYHOCMb U cpabHenue memooob

AN/N

0,018

1 —=— 1 cekuusa —
00169 w5 cekumii /-/

| —=— 14 cekumn -
0,014 - —

o ./

I/

0,012 - e .

o /

/.

0,010 A " /

i /./ N
0,008 - '\ _/
0,006 - = .

N ./I/ .——H

1 — . —m— "
0,004 A _/_/_/./-/"’

4 /././
00024 "
0,000 : . . T .

5 6 7 8 9 10 11



CyYeT, OTH. ef.

Iloayuenue 3a6ucumocmu 3¢ppexma Bapuayuu nomoxa

AHMUHEMPUHO OM PACCIMOAHUA
Am?=13B? sin*26=0.15
(00un 200 uucmoeo Bpemenu usmepenuil)
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Iloayuenue 3a6ucumocmu 3¢ppexma Bapuayuu cnexmpa
anmuneumpuno o1 Am*=13B* sin*26=0.15

(00un 200 yucmoeo Bpemenu usmeperuii)
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Onpedesenue uybcmbumervHocmu 3Kcnepumenma
NEUTRINO-4 na peakmope CM-3

YyBCTBUTEIBHOCTh ONPEACIISIIACH IJIS IETEKTOPA
1.076 x 0.832 x 2.18 M3, KOTOpEIi IEpeMEIIanCs B
nuana3oHe 6-12 M oT akTUBHOM 30HBI peakTopa CM-3.
JIleTekTop cocTouT u3 S5 cexuuu anuaou 0.43 m.
JIeTeKTOp CUMHTHJUIAIIMOHHOTO THIIA OCHOBAH HA
HCIIOJb30BAaHUU PEAKIIUH  V,+ P —>€" +N

Yucio 0)KuIaeMbIX COOBITHU COCTAaBIIAET

3500 co6/(cyTkn-M3) Ha pacCTOSTHUHU 5 M OT
AKTUBHOM 30HBI.



Onpedesenue uybcmbumesvnocmu IKcnepumenma
NEUTRINO-4 na peaxmope CM-3

B nponecce n3MepeHunit JeTEKTOp NOCIEI0BaTEIBLHO IepeMenaics Ha |
cexuuto. IIuki nepeMeneHni CoCToruT 13 10 moa0KeHUM IETEKTOpA.
TounocTs M3MepeHnit onpeaensiaachk 3a 365 cyTok npu 3¢GpHEKTUBHOCTH
nerekropa 0.35. ITpouecc ocUISIIMK ONTUCHIBAETCA YPABHEHUEM

AM?[3B*1L[m]

P(v. =>v.)=1-sin?20 sin°(1.27
(Ve e) ( E.[M3B]

)

L1t ompeiesnieHnst YyBCTBUTEIIBHOCTH SKCIIEPUMEHTA
BBIYMCIISIICS ¥ JJIS TUIIOTE3bI OTCYTCTBUS OCIMJUISAIINIA.
Hckomast 0051acTh 4yBCTBUTEIBHOCTH — 3TO 001aCTh, B KOTOPOH

v?/DOF>1.72 (13 creneneit cBobozasr, 95% CL).



Onpedesenue uybcmbumervHocmuy IKcnepumenma
NEUTRINO-4 na peaxmope CM-3

YUyBCTBUTEIBHOCTh  ONpeAessiach 2-1  METOJIaMHU.
JlnubdepeHmanbapli  METOA ~ —  CPaBHHUBAIOTCS
U3MEPEHHBIE TIOTOK W CHEKTP AHTUHEHUTPUHO MEXKITY
pPa3IMYHBIMU  CEKUMAMM JAeTeKTtopa. MurerpaibHbin
METOJI - CPAaBHMBAIOTCS W3MEPECHHBIE ITIOTOK M CIIEKTP
AHTUHEUTPUHO C pacueTHbeIMU. llpu onpeneneHuun
4yBCTBUTEJILHOCTH MHTErPaJIbHBIM METOJIOM
HEONPEJCIICHHOCTh, CBSI3aHHAsT CO 3HAHWMEM IIOTOKa
AHTUHEUTPHUHO OT peakTopa IpuHsATta paBHou 3%, a
HEONPEEIICHHOCTb, CBSI3aHHAs CO 3HAHUEM
3(h(PEKTUBHOCTHU JIETEKTOpa MpUHATA paBHOU 4%.



Onpedesenue uybcmbumervHocmuy IKcnepumenma

NEUTRINO-4 na peaxmope CM-3
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Oo6nacts uyBcTBUTENBHOCTH SKciepuMenTa NEUTRINO-4 k nmapamerpam ocrimsuisiiuii 3a 1
rog usmepenuit 95% CL.: a - npu nuddepeHnraIbHOM METOIE I pa3HBIX HHTEPBAJIOB

CTIEKTPA MO3UTPOHOB PEAKIMH 5 | [y 5 g* 41
e

; 0 — IpU UHTErpaILHOM METOJIE.



Obnacmo uyecmeumenvrocmu rxcnepumenma NEUTRINO-4 no
HOUCKY CHEePUNIbHO20 HEUMPUHO K NAPAMEMPAM OCUUTAAUUTL

3a 1 200 uzmepenuir 95% CL

T
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Cpagnenue oonacmeit uyecmeumenvnocmu sxkcnepumenma HEUTPUHO-4 na
peaxkmope CM-3 no noucky cmepuibH020 HEUMPUHO K RAPAMEmpPam oCUUIIAYUI

1 dof Ay profile
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pososasn kpusas — npoekm NEUTRINO-4; uepnas xkpusas — npoekm STEREO (ILL),
kpacuas kpusas — npoekm DANSS (BB P-1000).



NEUTRINO-4 at SM-3 reactor (6-12 m)

Expected conditions of measurements
for single section ~500 | (based on the
experiment of L.A.Mikaelyan group at
Rovno atomic station)
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1 — neutrino effect + correlated background
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Preliminary area of sensitivity

for 1 year of measurements 95% CL
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In NEUTRINO-4 threshold for positron signal will be 2 MeV, for neutron signal - 5 MeV.
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SaxatoueHiue

IKcnepumenin no NOUCKY oOCyuALAYUM 6
cmepusvHoe Heumpuro Ha peakmope CM-3
caedyem axkmubno popcupobams!

Cnacubo 3a bHumanue
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Motivations Search for sterile neutrino

Neutrino Anomalies & Sterile v Hypothesis

LSND MiniBoone Ga Anomaly Cosmology (WMAP)
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Anomalies in 3-v interpretation of global neutrino oscillation data
LSND (v appearance)
MiniBoone (ve appearance)
Ga anomaly
Nex in cosmology
Short-baseline reactor anomaly (ve disappearance)
if new oscillation signal, requires Am2 ~ O(1eV2) and sin220 > 103
=>» very short baseline oscillation for reactor v, Losc ~ 2-10m
systematics or experimental effects? source experiments (Lasserre)
-> need to test each experimental effect acc experiments (Shaevitz)
Karsten Heeger, Univ. of Wisconsin Neutrino2012, Kyoto, June 4, 2012 10
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