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To the Centennial Anniversary. of
B.Pontecorvo

Nuclear Reactors as a Neutrino Source

E}vtfﬁa mnu.'e.x:ﬁ-&-—._
Reactors are intense and pure sources of ve

B. Pontecorvo Natl.Res.Council Canada Rep. (1946) 205
Helv.Phys.Acta.Suppl. 3 (1950) 97

Good for systematic studies of neutrinos.
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60 years of reactor 20112012
. . The year of 6,54
neutrino physics

2008 - Precision measurement of
Am122 . Evidence for oscillation

2003 - First observation of reactor
antineutrino disappearance

1995 - Nobel Prize to Fred

Reines at UC Irvine : _ K&mLAND

1980s & 1990s - Reactor neutrino flux & : :
. S 7| T e Past Reactor Experiments

measurements in U.S. and Europe i * ¥ = Elsiteid

X ' Savannah River

ILL, France

Bugey, France

Rovno, Russia

Goesgen, Switzerland

Krasnoyark, Russia

Palo Verde

Chooz, France

1956 - First observation
of (anti)neutrinos

| S¥anah River [REEEE first experiment at Hanford
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«Applied» Neutrino-..____
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In striking contrast with what
Wolfgang Pauli wrote to Walter Baade L,
“Today I have done something which no theoretical ’7‘ .
physicist should ever do in his life: I have predicted '
something which shall never be detected
experimentally!”




Direct detection of the reactor

=

(anti) neutrino would allow:

* Measure the actual reactor power (N,)
e Deduce the actual fuel composition (E,)
e On-line reactor monitoring (tomography)

* Non-proliferation (prevent unauthorized
extraction of 23°Pu)
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Kalinin Nuclear Power Plant

f Aa
Fi
=
5
I.
.
\
BbilWHWA {
Bonouek 2
-
.
.'f]
Teepb N N
-rl h. '!_-_.
o il 7 S

RN ey K}MH OmuTpos
i&# 5 o op

O CE[JI'H { !,

-

N Mockea N o
| '@ . ©Onekrtpocrans

oh 0 .

£ OawHuoBo™ . [IloBepus

=,

iy -

-. 4 cores with
I:Ia o-PomMuHCK © o] ? 3GW Thermal power
il ~1 2, . Moponbck O BockpeceHck 7

ol =vec ' i 1 8 each
GOO‘Q’IG OBHUHCK © "iEJfDBD £ OKDHDMHQ:?
* o CTynueo P



JINR (Dubna) + ITEP (Moscow)

6 E MMA Germanium Experiment on searching

for the Magnetic Moment of the reactor Antineutrino

Overburden
(reactor, equipment, etc.): - ;‘ﬁ—"'j_‘_ .
~70 m of W.E. = )

Technological
room
just under reactor

13.9 m only!
2.7x1013v/cm?/s




GEMMA: Results-ahd Plans

HpGe detector
1.5 kg, 14m

Phase-1: |, £ 5.8x10°11 Hg

New Phase (6kg, 10m): H, <1.0x1011 Hg
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Detection idea: Inversed Beta-Decay
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E-upto7 MeV ¢
P LY

.
range-uptosem 3¢ Inversed [-dacay: vV +p > n+e"

.
H

o4
1

-;e‘j_g-_f /1 moderation time: 10 - 50 |is

7)) 255000 barn  E(.7)=8 MeV

Plastic scintillator
layers

Interlayers containing “Bd
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Signature of the IBD

registration

| |
8 MeV
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Local flash < 10-20 s
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The flash
spread in spage




Gd-containing

light-reflecting 3 wave-length

coating shifting (WLS)
fibers @1.2 mm

Polystyrene-
based scintillator




Strip production technology

From MINOS to OPERA to DANSS

MINQOS:

Extrusion from pellets;
Co-extrusion with TiO2;

OPERA:

Extrusion from bulk
polymerization material;
Co-extrusion with TiOz2;

DANSS:

Co-extrusion with TiO2
and Gd doping

(1.6 mg/cm?);
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Modular structure of the detector:

A number of strips are combined into intercrossing
X- and Y-modules (20x20x100 cm)
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100 WLS fibers

(2 per strip)
100 WLS fibers



Blind end of each
WLS-fiber is
painted with light
reflector
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Expected parameters: -

Sensitive volume: 1 m3
Total mass: 13 t + lift + ...
Composition: 5 sections (1m X 1m X 0.2m)

of (5X + 5Y) modules = 2500 cells
{ 1 module = 5 X 10 = 50 cells }

IBD detection efficiency: ~72%
Count rate: ~10% IBD-events/day @11 m
Background: 40-50 events/day
Energy resolution: 0 <30% @ E = 4 MeV
Due date: section N°o - 4 — 2010 - 2012
Installation at KNPP
DANSS+lifting gear + shielding - 2012
Start tests and data taking — 2013
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ALEPH
DELFHI
L3
OFAL
- =
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10 opromm Solar Reactor
W,
Facis 1 =l
Atmospheric Accelerator
, He ...
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et
v, et
ﬁ 5 4

Another
Am?2~ 1eV2 ??

A Krasnoyarsk
Pal - e
O Palo Verde CALLEX Cr2 SAGE Ar

(5 Amiyy = Amig) [SAGE. PRC T

Cosmology:

Search of oscillation signal
Num of Nus: .
at a (very) small distances
Nt = 3.62 + 0.48 (SPT+WMAP7) .
Nor = 3.71 £ 0.35 (SPT+WMAP7+Ho+BAO) from the reactor is

Negt = 2.97 + 0.56 (ACT+WMAP7) interesting
Negt = 3.50 + 0.42 (ACT+WMAP7+Ho+BAO)

CuselNor) = Cao 1
fixing 0h°, 2o 05 6,

1500 2000 2500
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Studying the anomaly

Tests in a short distance accelerator experiments
ICARUS at CERN, others...

Tests with calibration sources
BAKSAN, Borexino, ...

Tests in reactor short distance experiments
Nucifer, DANSS, ...

24.05.2013 Colloquium Prague vi3
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Possible to move DANSS
by ~2.5 m (from 9.7 to
12.2) on-line

Or by longer distance
(up to 18.8 m), but with
partial dismounting ®
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24.05.2013

Energy of the
positron detected:

Ep=
Ehs
Ep=

the de

=L
T .

The 1st floor The ground floor

or-detector distance [
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\Ep =4555 I\M
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CM-3
esearch reactor

Operation: since 1961
Reconstructions: 1965, 1974,

Core: 35x42x42 cm
Thermal power: 100 MW
Fuel: 233U (90%)

28
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DANSSIino -

test module of the DANSS

3He gas-based neutron counter

24.05.2013
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Calibration
r/a sources
(few Bq):
60CO
22Na
37(g
248Cm
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DANSSino tests at Dubna Laboratory

Count rate, a.u. Count rate, a.u.

1)

y-sources tests and
energy calibration
(~100 keV/p.e.)

Count Rate, a.u. 2)

248Cm  n-source tests
provide the  same
signature with fast n-p
scattering or y —cascade
as a Prompt signal

5 10 15 20 25 30 35 40

3) Tests with different passive shielding show that:

» ~ 10 cm of Cuand Pb are enough to suppress natural y background

» ~10cm of CHB reject thermal neutrons

» still significant IBD-like background from fast neutrons from
hadronic component of cosmic rays ( = 20 m.w.e. are required)
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DANSSino tests at KNPP

Muon component of a CR is suppressed by a
factor of ~ 6, which corresponds to ~ 50 m.w.e.
— enough to remove fast cosmic neutron
background.

Operation Detector Module count rate, (P4+D) pairs
conditions shielding counts per second per day

JINR no shielding

natural BG Pb+CHBE+ pi-veto
HNFP no shielding 1 470 || 11 837 500
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DANSSino tests at KNPP™

140 Number of events SEEEE—————., [\ ot Selection:
1)
--- Prompt E=1-7 MeV
run KNPP#O35 )
2

Relative reactor power ON '

Delayed E=1-8 MeV

Number of events per day 3) .
L e S— Correct time between

--- M prompt and delayed
run: KNPP#U43+#044 signals (1.5-30 ps)

Relative reactor power Z 4) . :
gl M Delayed E distributed in

500 600 700 800 900 1000 1100 1200 1300 1400 [eJo)da W GENale B MuiTeYeiull:
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DANSSino testsat KNPP™

N{(ON)—N{OFF), events/0.5 MeV /day [IEERESCISY3E e c dRiil
' ' neutrino-like events
detected by DANSSino
'|:_ A pA Y P } YT} Dashed curve -

expected spectra
normalized to the
number of events

75 events/day expected
70+-5 detected

Compared to DANSS:
10% vs 70% efficiency
and 1:25 mass
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Conclusions

//

———

A solid-state detector of reactor (anti)neutrinos, DANSS, is planned to
be installed under the 3GW,, reactor of the Kalinin Nuclear Power

Plant in Russia.

Expected parameters of DANSS allow to monitor the work of the
reactor and perform measurements of a possible effect of short-range

neutrino oscillations to the sterile state with Am2 ~ 1 eV2.

Numerous tests performed with the pilot (reduced) version of the
detector, DANSSino, demonstrate operability of the chosen design

(arXiv:1305.3350 [physics.ins-det]).
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Thank you
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