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3 Generation v oscillations are well measured
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However there are hints of 4t (sterile) neutrino

Beam Excess
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Hints of 4 neutrino

SAGE and GALEX v, deficit 084+0.05 IA”nC";CS*I'?V‘;f a sterile neutrino(s)

Reactor V, deficit (H-M prediction) == Sin228,, ~0.1
=> Short range neutrino oscillations
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G. Mention et al. Phys Rev D 83 073006 (2011)

New measurements R=0.952+0.014+0.023 (Daya Bay)
R=0.918+0.018 (RENO) 4



Antineutrino detection
Inverse Beta-Decay (IBD) 7. +p — e +n

E,~E,— 1806 MeV

||
Delayed @

¥ AL
— \
HA i

Reactor models do not describe well antineutrino spectrum

Measurements at one L not sufficient to observe oscillations
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Observed/Expected
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DANSS at Kalinin Nuclear Power Plant
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DANSS - 2500 solid scintillator 1m long strips

DANSS is installed on a movable platform under
36W WWER-1000 reactor (Core:h=3.7m, @=3.
at Kalinin NPP.

1m) Fuel contribution to v flux at
beginning and end of campaign

~50 mwe shielding => y flux reduction ~6! ggggu 6236760{;0 1348790{;0
: | _ .

No cosmic neutrons! et o iyt

241Pu  2.8% 8.5%

Detector distance from reactor core 10.7-12.7m

(center to center). It is changed 3 time a week ,



Positron spectrum
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3 detector positions. Changes 3 times a week

About 5000 neutrino events/day in detector fiducial volume of 78%
S/B=33 (for ‘Top’ position closest to the reactor.)

Continuous detector calibration with cosmic muons
Very modest energy resolution of ~28% at 1 MeV
Very large size of the reactor core (@ 3.2m, h=3.7m)
- Smearing of the oscillation pattern
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Only ratio of positron spectra at different L is used in analysis
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The most probable point for RAA is excluded at 50 level



Exclusion region
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A large fraction of allowed parameter region up to Sin?26,,~0.01

is excluded by DANSS using only ratio of e+ spectrum at different L

(independent on v spectrum, detector efficiency,...)
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Im3 LS
No segmentation

overflow buffer
calibration access

0c/E=5% at 1 MeV

Ve target

PSD removes 70%

muon

counter of bGCkgf‘OUﬂd

muon
counter

Pb 10 cm

Depth 20mwe

B-PE 10 cm

S/B= 23

Only one L=24m

Large core size d=3.1m h=3.8m
Power 2815 MWt
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Events /day/100 keV
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Normalized on v spectrum from different reactor ( Day Bay)
- Could cause systematic uncertainties
Visible oscillation pattern not explained (spectrum fine s‘rructure‘?)



Neutrino-4 See talk by A.Serebrov
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Fig. 1. General scheme of an experimental setup. 1 — detector of reactor antineutrino. 2 — internal active shielding. 3 — external
active shielding (umbrella). 4 — steel and lead passive shielding. 5 — borated polyethylene passive shielding. 6 — moveable
platform. 7 — feed screw. 8 — step motor. 9 —shielding against fast neutrons from iron shot.

85MW 235U Reactor (42x42x35cm3)
1.8m3 LS detector (6x10 sections )
L=6-12m o /E~16% at 1MeV; ~200ev./day

No PSD; 3.5mwe => S/B~0.54

480days ON 288days OFF A




Large difference with predicted spectrum
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Indication of oscillations with large Am2~7eV? and sin?26~0.35!

e Best fit Am’=7.22¢V’, sin’(20) = 0.35

N, EYN(L,E)

l A  QObserved
J Am’=7.22eV’, sin’(20) = 0.35 ¢ /DoF 26.06/25 GoF 0.41
o Unity x/DoF 372327 GoF 0.09
1.; ; l
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1.0 L} %I:—vj!&f'l l . I. —
0.5 J Am’'=7.22eV’, sin’(20) =0.35 y/DoF 116.88119 GoF  0.60
Unity y'/DoF 285721 GoF 0.14
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Indication of oscillations with large Am2~7eV? and sin?26~0.35
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-] HEUTRINO-4 ACCEPTED, 10 - | = T |
e (2913) - 2"0.1"0.2'0.3'0.4%9(.2591;)0.6'0.7"o.s'o.g'1
Major Advantages Major Disadvantages
Compact reactor core with large power No PSD
Segmented and movable detector Small overburden (3.5 mwe)
Very short distances to core (6-12) m Small S/B=0.54

No background from other experiments Modest 0z/E=16% at 1 MeV
Model independent analysis
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Major concerns
Equal response of cells is assumed, not corrected for n detection efficiency
However, measurements at one distance are averaged over different cells

The detector response IS NOT INCLUDED into fift.
This should lead to smearing of the oscillation pattern

Tensions with upper limits from other experiments
(Daya Bay, RENO (both rely on predicted v flux), PROSPECT)
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MOTIVATION AND DET PROSPECT
PROSPECT DETECTOR DESIGN WATER BRICK NEUTRON SHIELD

# 154 segments, 112cm x 15cm x 15cm

BORATED POLYETHELYNE

» ~25liters per segment, total mass: 4ton

Laoaaaenahg

» Thin (1.5mm) reflector panels held in place P00 8Ee 32{:
0008000000000
aa:

by 3D-printed support rods POCPOO089060
: - IHNER DI:TECT!]R AHHAY
» Segmentation enables:
1. Calibration access throughout mﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂl'}
ISS08000008BOO @)

volume 00090000000 a9)

2. Position reconstruction (X, Y)

3. Eventtopelogy ID

4. Fiducialization

» Double ended PMT readout for full (X,Y,2)
position reconstruction

» Optimized shielding to reduce
casmogenic backgrounds

MFL TF-'IF‘J 1 20 5SS
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Pulse Shape Discrimination of background
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Excellent PSD allows to achieve S/B=1.36 on earth surface
Excellent energy resolution of 4.5% at 1 MeV

Localized detection of neutrons

Elaborate calibration system
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Interesting limits in wide range of masses

after 33 days of reactor-on
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SolLid

cell :
5x 5 x5 cm3 PVT cubes “m-
— Non-flammable scintillator g ’
Cubes are optically separated
using Tyvek wraps Reflective wrapping

bLiF:ZnS(Ag) screens for neutron identification

Light collected through optical fibers and silicon
photomultipliers (SiPMs require low-voltage)

Squared BCF-91A fiber S

SLiF:ZnS scintillator layer

<

.

For more information :
JINST 12 (2017) P04024

|

n+%Li =2%H + o+ 4.78 MeV

Syl (PA]
— = __EN__J

Delayed

1'-~—10—100usI
G—————&
i

Sgrdl (PA)
“w s+ e @

e signal

Prompt
signal



Good pulse shape discrimination of background (# peaks over thresh)
In-situ measurements of neutron detection efficiency

Reconstruction Efficiency (Trigger + ID)

—10° 800 -

(o))
(=
o

ES-NS diserimination parameter

400 -

Number of cubes

200 A

4000 5000 04— ; ; ! ! ! '
Amplitude (ADC) 40 50 60 70 80 90 100
Neutron reconstruction efficiency (%)

Major Advantages Major problems

Compact reactor core with large power  Modest 0:/E=14% at 1 MeV
Highly segmented detector -> 3D recons. Calibration challenge- 12800 cubes
Very short distances to core (6-9) m

Good PSD of background -> S/B~3

Localized detection of neutrons

Elaborate calibration system .



The STEREO detector 3

arXiv:1804.09052 | 4 : Invert Beta Decay
V,+p—et+n Prompt signa

- 24 7, energ
l. v ¢ \\

-

Delayed signal
Mean neutron capture time 16 p:

2 mm acrylic
plates
_ e Target Gamma-catcher
i 8 cells filled with Outer-crown to detect y's escaping
“/ tonnet Gd-loaded liquid scintillator from the Target + active shielding
:/7 4 top PMTs per cell 24 PMTs

Neutrino 2018 - Heidelberg

n"ﬁ'dnﬁn Jacob Lamblin, LPSC Grenoble



Counts ]

Cell 2/ Cell 1

Cell 5/ Cell 1

First stage results

100—

- ON periods Background Good PSD .

U e + Coarse segmentation

— bae I —-0O°
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Interesting limits after 66 days of reactor-on
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Power [MWH]
Core size [cm]
Overburden
[mwe]

Distance [m]
IBD events/day
PSD/ Readout

S/B

oe/E [%]
at 1 MeV

Comparison of experiments

DANSS NEOS v-4

3100 2815 90 85
©=3200 e=3100 42x42 a=51
h=3700 h=3800 h=35 h=44
50 20 3.5 <1
10.7-12.7 24 6-12 7-9
Movable Movable

5000 1965 200 750
-/ 3D +/ 1D -/2D + /3D
33 23 0.54 1.36
28 5 16 4.5

Red - good Black- bad

PROSPECT SolLid

50-80
a=50
h=90
10
6-9

~450

+ /3D

14

STEREO

58

e=40

h=80

15

9-11

400

+/2D

0.9
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[eV?]

2
41

Am

Compilation of expected sensitivities
[Gariazzo et al., THEPO6(2017)135]

PrGlo

» 20

17
1o

3c

DANSS (1yr, 95% CL)
Neutrino—4 (1yr, 95% CL)
PROSPECT phase 1 (3yr, 3a)
PROSPECT phase 2 (3yr, 3a)
SoLiD phase 1 (1yr, 95% CL)
SoLiD phase 2 (3yr, 30)
STEREO (1yr, 95% CL)

1072

s/ r?2213ee

107"

[eV?]

2
41

Am

PrGlo17

CeSOX shape (95% CL)
CeSOX rate (95% CL)
CeSOKX rate+shape (95% CL)
BEST (15)
IsoDAR@KamLAND (5yr, 3c)
C-ADS (5yr, 30)

KATRIN (90% CL)

T "

Si nEQﬁee

A

DANSS has highest sensitivity beyond sin? (20)~0.01 but in limited mass range
PROSPECT and upgraded NEUTRINO-4 have highest sensitivity at large Am?

v source experiments can be very sensitive in wide range of Am?

Coherent v scattering is also very promising (CONUS)

26



Power, MW

Power, MW
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Spectrum evolution with fuel composition

IBD rate (points) comparison with r'eac‘l'or' power (blue line)
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Block 4 power

= With H-M spectrum correction The first month after shutdown

— — samarium poisoning of the

= . { I { reactor is clearly seen
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Date day/month

DANSS measures reactor power using v with ~2% accuracy in 2 days



Daya Bay and RENO observed slightly slower spectrum evolution

in comparison with Huber-Mueler model > Explanation of RAA?
E.&.'ic':»
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Very strong limits on Vyu disappearance
10 =
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q L
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99% CL
< —— CDHSW (1984)
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o[t — ATM —~— =
— SB-MByv, (2012) ‘_;
— SB-MBYV, (2012) ]
—— lceCube (2016)
—— MINOS (2016)
—— MINOS+ (2017)
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Appearance and disappearance experiments are not compatible
even in “pragmatic” approach without low energy bins of MiniBooNE
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Typical limits on |Ue4|? < 0.01 for Am2<3eV?

(NEUTRINO-4 results are not included yet)

$in"29g, = 4|U o4|*| Upual

Addition of 2-nd sterile neutrino does not help
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Summary

Two new indications of sterile neutrinos in 2018:
MiniBooNE and NEUTRINO-4

Sterile neutrinos can not explain simultaneously
appearance and disappearance results

Reactor neutrino spectrum predictions are still quite uncertain

5 MeV bump not understood.

v spectrum dependence on fuel differs from H-M model (but DANSS?)
Measurements at different distances in one experiment are required

DANSS demonstrated ability to measure reactor power using neutrinos
with ~2% accuracy in 2 days during more than 1 year

Strong limits on sterile neutrino parameters have been obtained by
DANSS and NEOS.

PROSPECT, STEREO and NEUTRINO-4 extended recently the limits
to higher values of Am?

New results with increased sensitivity are expected in the near future
from DANSS, NEOS, NEUTRINO-4, PROSPECT, SOLID and STEREO
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Comparison with experiments
based on spectra ratio at different distances

NEOS is not included since it is normalized on spectrum
from different experiment (and reactor)
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v counting rate dependence on distance from reactor core
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» 3 detector positions

» Detector divided vertically into 3 sections with
individual acceptance normalization

Rough agreement with 1/R? dependence
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Daya Bay measurements of spectrum evolution
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Positron spectrum (last 4 months of campaign)

—— DANSS data
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Rough agreement with MC.
(Theoretical neutrino spectrum was taken from Huber and Mueller)
More work on calibration is needed before quantitative comparison
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DANSS Detector design ( ITEP-JINR Collaboration) ;g5 pmcess“{é
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electrolytic copper frame ~5 cm,
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[G. Mention et al., Phys. Lett. B773(2017)307]

Data/MC

1.2

1.15

1.1

1.05

0.95

0.9

0.85

0.8

_| I | O | I Bl A l | 2 L} I | I ) I | O L) I R 2 ) S l_
g o DC|H
i A o RN
u . o
: < x B3|
= +-’|‘- |
— + &
E S
:| | | e I | I | Y | IJ £ 4 | | LI (| | O A | | <21 llllll
1 2 3 4 5 6 7 4
E . in MeV
vis

38



= : i
S 2000} F” .lllllbl s ) WO R P - — 3000
u§a . . L
8 - |
® 1500 |
b= {2000
" » Reactor-off data: 46 days
1000
Rl » »
d bsiafisin ~— = Reactor-on data: 180 days .
| Commimionng | Reactor OFF doa " F e L
500 - : » ~90% DAQ efficiency
‘Z
— J-—-, : i Buder {0
avr21 0820 o020 10720 11/20 12720 0120 o219 0321 04/20 05421

Datetime [mm/dd)

IBD rate agrees with reactor power within ~5%

Reactor 5 thermal power MW

39



99% CL -

2 dof
10}
(=) (= ) ( ) '
N e/ 1
> ( leedFluxes)
o e R
= 10% )
< ...
4
1071« __
—dlsap :
combmed [B] ]
1072 1072

| Upal?



‘E s é | T
— A M ’ —
L = J|
Neutrino 2018 ) i
NS
- AAP 2018 - y -
\\ ~
1
1— N =
|— \ \\ —e
i VN i
| \
. PROSPECT Exclusion, 95% CL ' \\ .
LK 55 1
| 2= Nedinah Bestiband l9bk L S M
e PHQ@EE@?%&&{: vity, 98% EE R N
* | SBL + Gallium Anomaly (RAA), 95% CL K
—1 1 | i 1 | | | 1. I | 1 | | | | (o |
10 5 »
10 10



