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Reactor Neutrinos

e Unique+precise oscillation measurements

e Do we understand reactor neutrino fluxes?
e Sterile neutrinos?

e Do we understand reactor neutrino energies?
e Bad nuclear data; implications for nuclear applications?
e Mass hierarchy measurements at reactors?
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Reactor Neutrinos
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Nuclear Reactors
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Nuclear Reactors

Heavy isotopes fission, making lighter isotopes, energy, neutrons, neutrinos, betas, and gammas

Different fission isotopes yield different products
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Nuclear Reactors
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Nuclear Reactors
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Nuclear Reactors
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Reactor Neutrinos

| 235U thermal BM Spectrum |

Calculated electron spectra of the
235U thermal neutron fission. The
_ thin gray lines are from individual
' '_ B decays. The thick (color) lines

e highlight the 20 most important
contributions to energies above
5.5 MeV. The squares are the sum
of all decays and the thick blue
line is the measures electron
spectrum
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Reactor Neutrinos

> = PMNS matrix
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Reactor Neutrinos
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Reactor Neutrino Experiments
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The energy threshold of inverse f-decay,

ELhT = [(M, + m.)’ - M2]/ 2M, = 1.806 MeV,

The v, energy spectrum
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Neutrinos with E<1.8 MeV
are not detected

Davide Franco - APC

Inverse beta decay
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KamLAND

P(v, — U,.) = 1 — sin® 20 sin
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The experiment is surrounded by more than 50 nuclear reactors at various commercial Nuclear Power
Plants. Most Nuclear Power Plants operate multiple reactors. The flux-weighted average distance of the
reactors to KamLAND is ~180 km. Neutrino flux is approx. 6 x 106/cm2/sec at site.

Sensitive to the neutrino oscillation solutions of the ‘solar neutrino problem’ for solar mass-splitting

values of Am242 ~ 10-5 eV2
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KamLAND
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P ¢ KamLAND
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Trigger: 200 PMT hits corresponding to about 0.7 MeV.
Cuts:

@ fiducial volume: R < 5.5m
@ time correlation (0.5us < At < 660 us)
@ delayed energy (1.8 MeV < Egelay < 2.6 MeV)

= Fiducial Volume contains 4.61 x 103! free protons

= Spatial resolution of 25 cm (Reconstructed from the timing of
PMT hits)

Events with less than 10000 p.e. (approx. 30 MeV) and no prompt
tag from the outer detector are candidates for reactor V., more
energetic events are muon candidates.
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KamLAND
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KamLAND

ANA-I ANA-II ANA-III ANA-IV
Exposure (ton-yr) 162 766 2881 5780
Observed event 54 258 1609 2611
(Eprompt - MeV) (E > 2.6) 26<E<85) (09<E<85 (09<E<8.))
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KamLAND

Survival Probability
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JUNO Design

20 kt Liquid Scintllator (LAB)
in Acrylic Sphere
/5~80% coverage
Hold By Stee! Truss

vWatcr Buffer
Miugate PMT Radioocuvity
Supbress Fast Neutrons

Water Cherenkov ( p veto)
2000 Pmis

Top Tracker ( i veto)

Plastic Sontillator

700 m overburden
kincly croviced by
Mother Nature
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) =Jiangmen Underground Neutrino Observatory
TAO - Taishan Antineutrino Observatory

CHINA

Taishan NPP
v 2X4.6GW,,

Yangjiang NPP ; S
6X2.9GW,,

J ~52.5 km

8 reactors
26.6 GW,,

Optimized baseline for NMO determination with v,
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World's largest Liquid Scintillator

20 kton LAB-based liquid scintillator
High PE yield: ~1350 PE / MeV

Detection channel: Inverse Beta Decay
Ve+p—-n+et
Time + position coincident signal
Evis = Ej,- 0.78 MeV

Jv 18000 20" PMTs (LPMT)
Light detection: +
L 25600 3" PMTs (SPMT)

Two independent PMT systems
>75% photo-coverage

Overburden: ~700 m
Cosmic background suppression

Davide Franco - APC
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x10°

[ 2000 days of data taking

- No oscillations
Only solar term

- Normal ordering

- |nverted ordering

* Energy non-linearity
Scale uncertainty < 1%
Ensure the oscillation peak
positions

* Energy resolution
o< 3% at 1 MeV
Resolve the fast component
oscillation peaks
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Future neutrino mass ordering sensitivity
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Courtesy of Maxim Gonchar



~1 km baselines: 013

Bugey, Palo Verde, Chooz

Location

Operating period
Life-time data
Distance to core
Thermal power
Shielding of lab (m)

Detector

Davide Franco - APC

6 SooSchloks @ Wikipedia.com

south-east France
1991 - 1992
132d, 205d, 33 d
15m,40m, 95 m
4 x 2800 MW
23 mwe, 9.5 mwe

3 x 600 £ (98 cells each)

Arizona (near Phoenix)
10/1998 - 07/2000
350d
750 m, 2 x 890 m
3 x 3900 MW

32 mwe

11.4 t (66 cells)

northern France
04/1997 — 06/1998
342 d
998 m, 1115 m
2 x 4250 MW
300 mwe

5 t homogen. detector

25



~1 km baselines: 013

' Chooz B
P I Nuclear Power Station
a10 vyerae 5K 4200 MWih
M -
y . Q - : I",
Muon Veto Central Detector / <>
3
4 Water - ,
_| Buffer -
O O distance = 1.0 km
- E Depth
E— 3 ¢ v‘ WO mwe

|

Ol

-DI'D?

P @ © T IR w
1

optical » « optical Chooz Underground Neutrino Laboratory

m
9m
fiber LED LED fiber Ardennes, France
= il scintillator I oil h&'

~5 tons gadolinium salt (Gd(NO3)3) in
hexanol + MO + compounds for
wavelength shifting

» aal

4.5

~11 tons gadolinium 2-ethylhexanoate in PC +
MO + compounds for wavelength shifting.
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~1 km baselines: 013
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10 ) ) ) ) =
- No evidence of neutrino oscillation! ]
Scintillator instability i ]
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~1 km baselines: 013

“Disappearance” experiments: v,— vV,

L

Pp/_—»:/- :1_ | 229 A
Ve sin“ 2613 sin ( m2. ee 1 F

: L
) — sin® 2015 cos’fy3 sin (Am21 4E)

An unambiguous measurement of 6,3, no interference with CP
violation phase or matter effects.

1

Nf (NP-f> (L">2 (’f)(psm(E-l—f)) o *\
N Now) \ L en) \PurlE.La)) £ 5l n
5 =
3 <
[ Double Ch F \
Far-near relative measurement = & o6[  .1.05m |
reduces systematics of reactor ¢ »
flux, target mass and detection g os Q“
efficiency from percentto sub- v ™
| percent level. ~186|:(a:::L¢£ N
. 100
L [km]
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~1 km baselines: 013

)', Target

| » Gamma Catcher

Buffer

™~ |nner Veto

R Shield

Double Chooz

@ Reactor
QO Detector

1050 m

O

4x2089 Daya Bay
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\os ) g
~ S /
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A /
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@® Reactor /
O Detector / QS
@ /S

RENO

@ Reactor
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~1 km baselines: 913

Daya Bay (China)

The Daya Bay Cxperment

w 0 cpenating denectors

® 160t total target moss

Double Chooz (France)

N

4

; Yong

RENO (South Korea)

Gwa

5 * N

g » vy
- A
& SN A

-

g X
ng Nuclear Power Plant
A \.

\
\
\
\

Reactor power| Overburden nGd target | Status of data
(GWy) near/far mass at far taking
(m.w.e.) site (tons)

Daya Bay 17.4 270/950 80 2011-2020
Double 8.6 80/300 8.3 2011-2017
Chooz
RENO 16.4 90/440 15.4 2011-2021 (?)
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Discovery of non-zero 013

Double Chooz
with only a far detector
(Nov. 2011)
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sin“260,, = 0.086 * 0.041(stat)
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~1 km baselines: 013
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Data / MC (Shape-Only)

Davide Franco - APC

1.

~1 km baselines: 013

Spectral distortion

Reactor Prediction Model 1o Uncertainty

' NEOS 2016 (Modifled Average R = 1)

' Daya Bay 2016

Visible Energy (MeV)
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Reactor Neutrino Models

Summation (ab initio) method Example: Fit virtual beta branches
e Calculate the spectrum of each beta-decay branch 3 \
using nuclear databases: fission yields, decay ’
schemes
e ~10% uncertainty

oooooo
. .
‘.

Aedddaiil

BETAS PER FISSION PER MEV

_AL.‘JL A A

Conversion Method

e Measure total outgoing beta-decay electron energy
spectra. (Experiments done for 235U, 239Pu, 241Pu i 235,
at ILL in the 1980s) | Schreckenbach, et al,

e Predict corresponding anti-neutrino spectra with >30 Phys Lett B160 (1985) ]
virtual branches LT e oveser or semas ey

e Default model by most reactor neutrino experiments

e Considered to be more precise: ~2.5% uncertainty

| L]

o |
! 3
S
’ 4

Recent re-analyses in 2011 increased prediction by ~5%
e Conversion +3%
e Neutron lifetime +1%

e Non-equilibrium isotopes +1%
Davide Franco - APC
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Reactor Neutrino Models
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Recent re-analyses in 2011 increased prediction by ~5%
e Conversion +3%
e Neutron lifetime +1%

e Non-equilibrium isotopes +1%
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Exp’proc.nm
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Observed/Predicted Ratio

Reactor Anomaly

T T T 1 | l T T T T 17 I
118 — - T - —
= ac 25 88 S §d8 2§ = = &2 & -
1.05 T | &
1 _L Y ——

- - ] | TI \\-L\l |
0.05 — = e
i i L =

—_ - . m
0.85 — —

".?il!n:

— 5533 =
0-75_ TICX . — - s . —_—

= | | | | | I-I | 1 | I =l

10' 10 10’
Dislance lo Reaclor (m)
1.2 T TTTTT T TTTT FTTTTT T TTTT TTTTT

0.7

0.6

0.5

0.4

o]

No oscillation

| IHIIIW [

With oscillations (3 active v's + 1 sterile v) +H

Experiments I

lpl..llﬂ | Illlll.l 1 llllllll 1 11|1111| 1 ;;.11.1| L
10' 10° 10° 10" 10° 10°

Reactor To Detector Distance (m)

36



P\ Gallium Anomaly

€ The GALLEX and SAGE experiments were designed for the
radiochemical detection of solar neutrinos.

€ The detectors were calibrated using the radioactive sources
>1Cr and 37Ar, which emit neutrinos via electron capture.

€ The neutrino interaction rates
were found to be 2.7c lower
than expected.

1.1
|
T

GALLEX SAGE -
Cri Cr ‘

1.0

© » ‘
o 2
e S < : GALLEX SAGE ]
A ources. I * * )
o € 2_ . [ CI’2 Ar )
51 51 > St f ;
— t e - Cr — V T Ve 2 -
[ -
o e~ +3Ar — *Cl + v, C o | | 3
W :c" o : -3
o | : s
Detection Process: »
| sesss | R=0.84+0.05

0.7

Ve + 1Ga — "1Ge + e

Gariazzo et al. J.Phys. G43, 033001 (2016)
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Reactor + Gallium Anomaly

1 U 1 | 1 1 1 |
—=90.00 %
™ ~—=95.00 %
X 5 ' °
< - - a
99.00 %
1 02 1 1 Lllll 1l 1
. T T T1111 T 1 Tt Y LELE UL B
st 2dof AY* contours - -
B
101 E 4 = 3
N t e a b -
? are — °
~— 0 -
210, + =
8 q :
oN_C ’ , ) e
4 Experiment(s) h:!l:(:..)g,,.m:l .lmi « (V) |C.L. (%) _—
| Reactors (no ILL-SR*)| 0.02-0.23 | >02 | 986 <
£ Gallium (G) 0.06-0.4 >0.3 97.7
-1 * MiniBooNE (M) 72.4
10 . ILL-S 68.2 — = E
5 R"+G | 0.05-0.22 | >1.5 | 09.7
‘ R* + M 0.035-0.20 >0.4 98.5 N
R* + ILL-S 0.02-0.20 >0.2 97.6 -+
2 ALL 0.06-0.21 | >1.5 99.8
-2 | L1l L | L1 A L Ll wa el

10°  1w0° , 10" 1" 5, 10
sin (29new) Ax

The no-oscillation hypothesis WAS disfavored at 99.8% CL (in 2011)
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Sterile Neutrinos

P8, Am? L, E) = 1 —sin®(26) sin2(1.27Am""%) * 100 kCi ““Ce source inpit @ 85 m

from detector center
i Reconstructed 2D spectrum
$in(20) = 0.15 T * 1.5vyears of data taking: = 10° events

2 z , _
sl i g S = 5% energy resolution @ 1 MeV
T T~ * 15cm spatial resolution

40
» 38
3
§ 30

Borexino I

',_;; :: IBD count rate as a functionof L& E in
S 10 a (3+1) sterile neutrino model
E
Zz 5

0=

16

Energy distorsicn
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Sterile Neutrinos

Different Reactors and Technologies

Detector segmentation Scintillator
r)\c\)-segmentqglon cog\rss ssgmep}atuon flgg \s{\eégrp‘gqt:?\tnoﬁ olastic better for w
. " S N N N '*L: : :».;_‘k\—}\_]\ﬂ; _1.._\{:\1:\ Seg me nt at i on
NN & detection
| : R ——— TR EEEE Easier to have
ompare v spectrum compare v spectra compare ¥ spectra in large volumes
| wi‘t)h o digtions in different segments  sections + background g
P (model free) rejection w/ topology K

Reactor

research reactor (HEU)

J
R

..

Short baseline & compact O GWih, some

. Gd N ' Tr
core, no fuel evolution overburden possible
. 0102 MWy, limited space, Lower sensitivity at low Well-established, Localised Egep: quenched
\._background from facility energy, fuel burnup j \high Edep & Ocapture but can select via PSD
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Experiment

NEOS

DANSS

Neutrino-4

PROSPECT

STEREO

SOLID

NuLAT

CHANDLER

LEU [2800]

LEU [3100]

HEU [100]

HEU [85]

HEU [58]

HEU [72]

any

any

Baseline [m]

24

10-12

6-12

7-12

6-9

any

any

Target
material
and mass

GdLS

~| m3

PS (Gd layer)

| m3

GdLS
|.8 ton

6LiLS
4 ton

GdLS
24 m?

PS (&Li layer)
|.6 ton

6LiPS
0.9 ton

PS (&Li layer)

Im3

Segmentation

No

quasi-3D

2D

2D

2D

D

iD

D

Signal/

Background

21

0.6

0.3

0.8

0.9

|.0 (expected)

3 (expected)

3 (expected)

Sterile Neutrinos

2018-2020
| BO(46)
days On(Off)

2016-2020
(~ 3M events)

720(417)
days On(Off)
data
96(73)
days On(Off)
data
data taking
finished
(>300 days data)
196(146)
days On(Off)
data

R&D

R&D
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Sterile Neutrinos

VSBL Experiments: Pros & Cons

Pros:

Short distance = high statistics
can use research reactors (compact core)

Cons:

Shallow (or no) overburden
- huge cosmic background
Neutron & gamma background from reactors

small detector size due to lack of space
—> light collection problem

LS restriction in commercial reactors

42



Sterile Neutrinos: STEREO

PMT Acrylic buffers

(J Reactor: ILL, France Minoral o

58 MW, %3°U Reactor
(D40xH80cm?)

D DEtECtor: GdLS 0.2% Gd Gamma-catcher

scintillator liquid

* 2.4 m3(6x1 cells) o g Teroet

6 cells

* L=9%11lm *ed loadedh |
”eUtnno
e 15 m.w.e. X

107

~
~
—

>
)

T
=

 ~400 IBDs/day
* Eresolution: ~ 9% @1MeV =
* PSD (moderate)

- S/B~0.9

2

[ = RAAG5% C.L
[ = = RAAGO% CL
I % RAA: Best -fit

' STEREO -
B Exclusion Sensiivity (179 days reactor-on): 95% C.L.
= Exclusion (17€ days reactor-on): §5% C.L
101 — N
1072 10~ 1
sin‘(26..)
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Sterile Neutrinos: PROSPECT

(] Reactor: HFIR, USA «* 7711BDs/day

80 MW,, *>U Reactor //"* Eresolution: 4.5%@1MeV
: // '+ Good PSD

( Detector: ®LiLS 0.1%Li // > $/B ~ 2.2 (acci. bkg)

 4ton (154 cells) "',,,.;;jfﬁﬁﬁfﬁ..-"’ ~1.32 (corr. bkg)

+ L=7"9m /

— < 1 m.W.e. Sub-segment conceptual design

PMT
Light Guide

Two-detector PROSPECT deployment at HFIR

‘ Separator
N g - ] K
1 Phase I: moveable AD-I i
% 10 : {1 =
o~ ; . ":::4-‘::
£ ||
< ol |
S h
b
b
b
N
1 b
L
« N
= L
[ — FC Exclusion, 95% CL
CL, Exclusion, 95% CL
] Sensitivity, 95% CL, o
___|Sensitivity, 95% CL, 20
~|SBL + Gallium Anomaly (RAA), 95% CL
10 1 Il 1 kol oA 1 2 3 1
107 107 1

sin‘20,,
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Sterile Neutrinos: Neutrino-4

e, 0 e © ve " ,7.,"
Movable and spectrum sensitive antineutrino detector at SM-3 reactor s Uk
Vo+p=—=e“+n

< - a - detector (5x10 cells) -
internal active shielding
external active shielding
steel and lead

borated polycthylene
moveable platform

feed serew

step motor

shielding

Gd

N
S ol AR L o ol o o

Neutrino Detector
M channel prototype
<« outside <
and

inside —>
Full-scale
detector

4

Liquid scintillator detector

Passive shielding - 60 tons Range of measurements is 6 - 12 meters 50 sections 0.235x0.235x0.85m>
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Sterile Neutrinos: DANSS

€ DANSS operates at the Kalinin reactor -
(Russia) using a 1m3 highly-segmented .
plastic scintillator detector. .

€ Detector is moveable! Distance to core
can be varied from 10.7m to 12.7m.

€ Oscillation analysis based on ratio of
“top” and “bottom” energy spectra.

€ No evidence for oscillations.

A typical WWER-1000 & 0.78f

/ \ reactor building E =
Muon veto s 2 0.76

"‘ Y/ o —— D‘” g :
7D @ 0.74

/ c N

Reservoirs with .
A technological liquids &n 0.72
—C .\ &

Segmental N ———y ’ 07.

m:-;*":“‘ s ) cqrevof the reactor: - % -

pasth | 312mh35m y 068__

wierillm S | =

im A movable platform ' .

2500 serips g - = with a lifting gear ~ 066-

K,. & . Cu+ Fv’f) +CHB 11 @ senace room I i 064"

. . passive shielding I / I I o

a_,f_ PRI PEPEFSE P
1 2 3 4 5 6 7

Positron energy, MeV

» Exciting 2018 model-independent indication of light sterile neutrinos at
the eV scale from the NEOS and DANSS experiments in approximate
agreement with the reactor and Gallium anomalies.

» 2019 DANSS data do not confirm the 2018 indication and the reactor
indications in favor of SBL oscillations seem to be fadind away.

Davide Franco - APC
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Sterile Neutrinos: NEOS

& NEOS operates 24m from the Hanbit-5 reactor (Yeong-gwong, Korea)
using a 1-ton Gd-loaded scintillator detector.

> Phase 1: Sep’2015 - May’2016
- No evidence for sterile neutrinos (disfavour RAA best fit at 90% CL)

> Phase 2: Ongoing since 2018
- Plan to operate over a full fuel cycle.

Reactor L B L B S S B o T .
Containment 60+ (a) Sf i -
Building % t E RAA allowed
% 0 u!" 5 o ; i QO%CL : N
< g - 9%CL e L .
© 0L ' 1 n — >\
D -t Neutrino Energy [MeV
g “od —4— Data signal (ON-OFF) * » w : f
3 20 {= Data background (OFF) "% m 1 T
MC 3v (H-M-V) C ~ Excluded .
10 ~— MC 3v (Daya Bay) —— NEOS 90% CL
i i — — Bugey-390%CL |
' . Daya Bay 90% CLS ]
b —— NEOS/Daya n.y 7
(C) - N
S Systemabtic total
B “ I+ |f'ﬂ| F} -
g 10 t ﬂ e A B \ .
5 (1.73 eV?, 0.050) h
oo ceeee (232 @V, 0.142) ] 107"+ ' f | —
S S S S ST ] 1 i\
Prompt Energy [MeV] 10-2 107 ) n22 1
In“20
PRL 118, 121802 (2017) sin“20,
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Sterile Neutrinos: Evolution

2011

The reactor antlneutrlno anomaly

2
10 Roactor Rases - Jo 10 Hoactor Rates - Jo
Bugey -4 (1994) &.99,4(19941
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Fbvr08811%8; Rmrcﬂﬁ(!%ﬂ;
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10 SRP (1296) 10 ;::m;;-nm 99) .
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—— STEREO 2020) STEREO (2
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—  Chooz (1999) — Chooz (1969)
- Palo Verde (2001) Pab Verde (2001)
Y Daya Bay (2018) g Daya Bay (2018)
RENO (2018) S / y
9, Double Chooz (2016) () ey o S
. : L&
1 B 1
N§; ~%
0 PRELIMINARY/ \»
\\ \ 10"
| Combined \\_\\, - Combined
I - 1o
| —_— 26 \. 2
3o c s
-2 b4 v~ 3 3 s 133l 1 Y o 1 1 2 14 1 331 30
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SiN“2 000

Using Huber Mueller flux model  Using Kurchatov Institute flux model
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Sterile Neutrinos: Evolution

Ratio analysis 2018

Gariazzo, Giunti, Laveder, Li, 1801.06467, PLB 2018

10 . - . 4 2 T T T ™rrry T TRt 10

, ] | 2-3c (sold-dashed) R R ' I A . . .
28ANSS - ; Reador Anomaly | ~20- l nd IVId u aI
NEQCS 4 Gallium Anomaly || ‘
| | | | preference from
S | i DANSS and
3 E—— : — NEOS
1 F 1
~N - | N e .
g | . >30 combined
S~ g e X | preference
INEOS+DANSS| NEOS+DANSS ’
| w10 4 — 1o |
T — DG
30 3¢
107" rry r aaatal A 2 aaanal . 10" ! |
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Sln22ﬂee 510221)00
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Sterile Neutrinos: Evolution

Ratio analysis 2019/2020

Giunti, Li, Zhang, 1912.12956, JHEP 2020

10 ey
| 26
— Bugeys Less agreement
— oanss between DANSS
and NEOS
3 s still >20 combined
v f = preference
Q\
Combined
it 25
30
101 ITs
107° 10°° 10" 1

SiN“29 e
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Sterile Neutrinos: Evolution

Ratio analysis 2021

10 e
' — | PRELIMINA No preference at all for
° oscillations in DANSS

data

no closed contours at 20

[eV]
pa—y
rl L]
“', ' ; ”," \ | |
: \ (1

2
41

Am

we can only set upper
|ImltS on ‘Ue4|2 — Si112 914

— Bugey-3

{ —— NEOS

—— DANSS
PROSPECT

STEREO
h—r:rmﬂ!——‘ s F A A 4 A
10"

10°¢ 10°°

sin“2 Vee
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Sterile Neutrinos: Neutrino-4

Neutrino-4

10
L Ll -~ | 1118 _ e expected, Am’=7.25eV’, sin’26 = 0.26
i {1 1| Neutrinod 184 ® Observed, 24p, average (125, 250, 500 keV). Dec, 2019.
| 4 Observed, 24p, 500keV. Dec, 2019.
' 1.6 4 500 keV
- A Edleliln . 1 Am*=7.25¢V", sin’(20) = 0.26 r/DoF 171117  GoF 045
| *._ £ 1.4 4 Unity L'/DoF  2998/19  GoF 0.08
lium anomaly; & . .
. ‘ w 1.2- | e
) oL | ) A el 3
\ WEE £ 10- ’ /" M*\&\
> l . \ m l 5 o
0 \ / = A LT 1
L \ / :J' 0.8- A b {
£ - Repctor anomaly < '
é : 0.6 -
/ 95% CL ' Average 125, 250, 500 ke\
\ / L/ / 0.4 Am*=7.25¢V*, sin’(20) = 0.26 r'/DoF  19.86/17  GoF 028
pans P IXN*/I R | Unity Y'/DoF  31.93/19  GoF 0.03
10° N 14’ 1 T v T v T v 1
sif(29, ) ! 1.0 1.5 2.0 25
. .
solar v bound L/E

Neutrino-4 observes sterile oscillations at ~30
Very large mixing In tension with solar data
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Sterile Neutrinos: Global Fit

Global fit?

[ GiobalFit |
— 1G]
2G |-
il No overlap anymore!
23 GoF.;=7 x 101
oF Global 3+1 fitis
< [ unacceptable!
107 3
i 30
— Dis |1
— App |]
10—2 ) i R WA
107 107 107 107 1

SiN“20, = 4|Ueg|’| U ual?

NOT most up-to-date data included in this figure!
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Sterile Neutrinos: BEST
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Sterile Neutrinos?
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