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« Largely produced in nuclear

— Averaged 6 v, per fission
6 X 102° v,/sec/3GW,,

SU+n— X, +X,+2n

Mass number A
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Detection of reactor neutrinos

« Commonly detected by inverse beta decay (IBD) with a

pair of coincidence signals

Prompt Signal é Observable v Spectrum
e +e — 2y / Peak at ~4 MeV
— /"'/
V.,+p—e +n
Capture on H or Gd, :
Delayed signal, 2.2 or 8 MeV
reconstructed nau‘(rorl"lelayad] capture energy spectrum ——— |
Basor : "2 3 4 5 6 7 8 9 10
6 E, (MeV)
@ 300f gamma
280~
*t — neutron
150f ve >
100 I |
0 2 a 6 T R
Recon. Energy (MeV)
M.He: Overview of reactor neutrinos 3



B Glorious history

« First discovery of
neutrinos by
Clyde L. Cowan
and Frederick
Reines in 1956

Data - BG - Geo V,

;_ ; Expectation based on osci. parameters ® F I rSt CO nfl rm atl O n

+ determined by KamLAND

£ o of solar neutrino
£ o 1 = oscillation by
5 of . KamLAND in
2 2002
R I T TR T T
LﬂfE {kmMcV)

« Bugey, CHOO/Z, Palo Verde ...
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S ) Neutrino oscillation and 0,
3| = PMNS matrix

* v 1T ] V3 !I I

‘Va> — Z a,l ‘Vi> 1 ::Amfm 1
i=1 — > « Mass eigenstates v T ? ,
Am,

= Weak eigenstates m? 5

An‘Iatm v
« Known ? v2 BT,
2 2 v y 2N,
— 0Oy, 03,015, AMy,, ‘Amsz‘ V3 E:]:I vy T
° Unknown Inverted hierarchy =~ Normal hierarchy

— CP phase, mass hierarchy, m,/m,/ms, 6,/5, ol BES] BEsd™
i o - -i5

1 0 0 cosd, 0 e™sinf,| cosd, sing, 0ye™ 0 O

- : -id
U=|0 cosd, sing, 0 1 0 -sing, cosd, 0| 0 e O
0 -sind,, cosd, ) —€’sind, 0 cosd, 0 0 10 0 1
0,,~45%by 0,5~9°by reactor 0,,~34°by solar = neutrino-
atmospheric and accelerator neutrinos less double
neutrinos (1998) neutrinos (2012) (2001) beta decay
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G ) 0,5 In reactor experiments

“Disappearance” experiments: v,— 7V,

l L
Py, =1— sin? 2013 sin (&mge ) — sin? 2012 C054913 sin’ (&mglﬁ)

4E

An unambiguous measurement of 6;, no interference with CP

violation phase or matter effects.

1

ve () (B () (=ED) 2
Nh B Np,n Lt €n Psur(E: Ln) E 0.8+
= 0.
5]
. o Double Chooz Fan
Far-near relative measurement | s g96F  -1.e5km .
reduces systematics of reactor | g : ‘_ Dayjl oy ar
flux, target mass and detection | 2 .
. . = | -
efficiency from percentto sub- | v 0.
percent level. KamLAND
~1.44Il(m | ~:}.86km, for 6,
0.2 1 10 100
L [km]
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>  Ongoing reactor experiments

Daya Bay (China) Double Chooz (France) RENO (South Korea)

f 4‘. ¥ ,"»}\.,,- \Q‘ 2

YongGwang Nuclear Pb\\;v'er Plant
y A &

5\
Far Detector .

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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Detector concept

« v-target: gadolinium-doped liguid scintillator (GdLS)
 y-catcher: liquid scintillator (LS)

« Buffer: mineral oill

« Veto: water / scintillator / resistive plate chambers

Double Chooz

M.He: Overview of reactor neutrinos 8
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Functional identical detectors

 Relative measurement

1.03
. — ADd AD3 AD4 AD5 AD& AD4 AD5 AD6 ADT T
reduces SyStemaUCS — ‘aD2 ADE | TEM3) (EM3) (EW3) | TEM3) TEH3  TEH3)  TEH3
_ ) 1.021 | =
 State-of-the-art experiment g8 £ [ ]
= 101 =
I (i — N 3
gives 0.13% uncorrelated %, — + _____ == |
. - = I | ! —
UnCertalnty g — I —t——— - - -3
i . T 099 . -
 Multi-modules inthe same « ¢ —4— Observed Rato -
) 0.08 E=4— - — - Expected Ratio =
exp. hall allows directly C et | o EH3 Ens g
Id . . 0.97 H6AD+BAD 8AD-only 6AD-only 8AD-only —
valigation on systematics Error bar: stat. ® 0.13% syst.
oI AD1 G F AD2 2o =
Efficiency  Correlated  Uncorrelated J@AY,,B;, ,,,,, o frugtryb 0 O DYB 18D neutrons 3
! ¢ 5 T T assE -
Target protons - 0.92% 0.03% E—————— - S——E § [t t :
Flasher cut 99.98% 0.01% 0.01% gﬁgfw 7777777 PRI B . = TE =
Dcll-l.\_:"cd C]lC]‘g_\_-' cut 927‘/"& [JQ?‘JE i i ° A A * +. E N ‘% 29:_ AmC neutrons _:
Prompt energy cut 99.8% 0.10% 0.0T% S — — = 2ssfE =
Multiplicity cut 0.02% 0.01% i P, e by bl 3 155j—_+__+__+_+__+_—+__+__:
Capture time cut 98.7% 0.12% L 0O1% €1 gy ' } “ N ; ; ; ; ; ; —3
Gd capture fraction 84.2% 0.95% 0.10%  — e ‘ s E
Spill in 104.9% 1.00% 0.02% s I | T = —
Live time - 0.002% 0.01% e : { nE Spallation neuttons 3
Frusspulpusglon byt o by pl g g ADT  ADZ  AD3 AIII))S' ADT ADS ADE ALY
Combined 80.6% 1.93% Q0.13%) Reconsrciodanery (1) clector

DYB: PHYSICAL REVIEW D 95, 072006 (2017)

Rel. energy scale: 0.2%

Rel. nGd time: 0.2us
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S Minimum reactor-model dependence

* Near detectors’ data constrains reactor flux and spectrum

« Taking Daya Bay as an example
— Analysis 1: extrapolate near detectors v spectrum to far detectors

Far da{A Near data Extrapolation factor
/ /
2 f n —1 f n
= E (NG —w;NT)(V7);; (N7 —w;NT)
[,]

— Analysis 2: completely remove constraints to the predicted spectrum

Free parameter for ith energy bin

\

. . 2
2 Z (ML —Ti(1 + §d2+ g+ )| +E€EI '
(9a) %

d,i
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') Discovery of non-zero 0.,

Double Chooz
with only a far detector
(Nov. 2011)

Daya Bay RENO
(March 2012) (April 2012)

g

% E —— Double Chooz Data B = - >40_ E= Fa L
§ o 3 + —— :ogsl,cltl:I:lionD t E 800 N —4— Far hall % | % ‘QE'LE Z@ékf‘csctﬁ:::;?o“
E ; e Best F::fi\':q‘;i‘*;_:f"zgeev; ] o s —}— Near halls (weighted) fc“: = S 30 g £ L/ He
E 500 ; fIL;I::ﬂ:ngackgmunds (see inset) | ]| § 600 L E 1000_— _g 20F XN 3
wo i BT I gt o
L — - - (WA —
F $ 1 g 400
300 — i q E 5 - 2 o 50 0_ K Prompst energy DI/(I)eV]
C (=2 m - |
a0 g o B 200 F B —+— Far Detector
C u —Ti | i —— Near Detector
100 = Energy [MeV] _: = 0 [ L
= C 2 L
2 0 - W U—— =~ ‘ : E" L1 - No oscillation - 0_ . . ‘ . I . L . I .
2 sl S o St 13 F - Nooscillation PRL 108
N PRL108] 5 | 4., +.,1 || PRL 1082 12 H ’
T 0t - 1 g, £ 1 - L
: w +7 13180L 1 St Wty H 1 171803 | & %ﬁ i B 191802
sor T o012 bt T T T 0010) osh  HeE My (2012)
2 4 (3 8 10 12 0 5 10 ’ 0 ‘3 1'0
Energy [MeV] Prompt energy (MeV) i Prompt energy [MeV]
Rate+shape Rate only Rate only

sin226,, = 0.086 + 0.041(stat) sin?26;5 = 0.092 + 0.016(stat.) sin* 26,3 = 0.103 % 0.013(stat.)
+ 0.030(syst) + 0.005(syst.) + 0.011(syst.)
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B | atest result

6 ———— FDIData
5 1.3| s o cnsitation
* Near far relative analysis B 12| B e e
o F
= 1.1
« Rate deficit + spectrum distortion
Z 0.9
5
o DYB and RENO measured |Am2ee| % 0.8 Far + Near (818.18 and 257.959 live days)
2 0.7F Double Chooz Preliminary
© T2 3 4 5 6 7 8
* Clear L/E dependence bl Erergy ()
o o
= 08+ ﬂ ]0: \‘I
Plenary talk: Jaime Dawson, i Jﬁ .
Latest Results From Double Chooz bJ
5,.DYB 1
0.0 days H\"‘
ol S ng |
L0 e Pr?hrrluna‘ry‘ — 11— %Ogéj_m +l++ﬁ+¢'{'”l/~{
L DYB PRD 95, 072006 (2017) | RENO 1500 days 1 ‘konp o™ 0l
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o.9s| : ‘ : i ~ L i wof= RENO 1500 days |
—_ r 1 >
I 096 l? - =| % 3000 -
T 0.95— - <. _
,I_i 0.94 Ei’ : i é 2000
R Q-‘ |- - [‘E 1000 [] Far Data —
gl L ¢ FarData i e Predicion (o0 xclation)
09— & Near Data _] 50 \ ; ‘ ‘ -
000 v ] r  — Prediction from near data 7 g — 1
— Bestfit | EH1 | EH2 | EH3| N T T S S R - ().9:—W 1
O 01 0z 03 04 05 06 07 08 09 0 0.2 L JE O?k M 06 08 § 03 ] 3 7 5 6
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Global comparison

* Most precision 0,; comes from reactor experiments
* Improve 0., measurement for accelerator experiments

« ~20 tension between DC and DYB/RENO

Experiment Value ".“ i Nor‘mz‘ll =
Daya Bay - 0.0841-£0.0033 2— T2K, =
RENO = 0.082£0.010 1 arXiv:1707. 01048
D-CHOOZ  nGd+nH — 0.119£0.016 T F + Bewt
ToK ——— 010078 e A
Aok
) TH 0.09379%54 Y 1 I W v-mode v, - 68CL

0.02 0.04 0.06 0.08 0.1 0.12 0.14 -, T Vomode ve- 90CL 4

sin® 2613 En =006 008 0T
sin’0),
Experiment Value (1073 eV?)
Daya Bay —_— 2.45+0.08 .
T . | * Consistent |[Am?,,| between reactor,
MINOS —— 2.4240.09 -
T I S acc. and atm. experiments
Super-K 2~5Ut3153 y . . .
00 o DYB’s precision is comparable
RENO 257193 .
23 24 25 26 27 28 " Wlth acc
AmZ,| (10%eV?) '
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Y Prospect of 0,5

 Double Chooz

— Data taking to end of 2017
— Reduce the largest systematics:

proton number
 Daya Bay
— Data taking to 2020

— Better than 3% precision of

sin?20,;and [Am?,,|
— Better understanding of

systematics and LS technical

studies
« RENO

— Plan to 2018 with possible

extension to 2021

Uncertainty of sin°20

0.02 —

13

¢

o

=

=
[

0.005 — I A e

o L

0.015 =t

o
(%)

Uncertainty of |Am2,|[107eV?]

Total uncertainty

DYB

- Statistical uncertainty énly T

o
-
(4]

P
sin"20

1 | 11 11
o
o .

2
‘Alnee ‘

0.05

e
*a
*u
.....
.....
........
H . [ '
......

DC Sensitivity

2012

2014 2016 2018 2020

o 0.020————
=3
€
£ o018
L

0.016

today’s result [)C

DC-IV @ CERN Configuration

Improved Proton# Uncertainty

‘:—\‘_;.ul

\f-x

0.014 [ .
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(p-piL)

o Reactor flux anomaly

* Huber + Mueller’s prediction of Daya Bay/(Huber+Mueller)

. s 0 £ 1_2_...., —r —
reactor neutrino flux ( 2.4% g Ro, = 0.946 +0.020
uncertainty) by re-analysis of g ok . 4

y . - ] ) 1
ILL’'s beta spectra: ~5% higher & [ e g ‘
. . (] L —e— Previous data
than short baseline experiments — os- 4} o016 521,;&%::9
« DYB and RENO: consistent with [ Chinese Phys: C31, 13002 (2017) 3 to e
. . 0-6 PP | N N N MRS | M a M e .I3
previous experiments 10 pistarLe (m) 10
« ~2% uncertainty, dominated by RENO/(Huber+Mueller)
detection efficiency g T
R Rreno= 0.946 +0.021
B A— ot P, Huber PRC84 (2011) 024617 201 Jr % I BN — % } !
0.10 ILL inversion a B I I 1 :
0.0% 08 __ ‘ : (R)]tihlzro experiments __
I ] Bxperiments e ]
n [] Model Unc. i
0.08 06— — —— e
10 107 10°

Distance (m)
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Reactor fuel evolution

evolution by Daya Bay

Antineutrino Flux Anomaly

Sterile neutrino as the sole cause

of RAA is disfavored by 2.80

Foss
0.63 0.60 0.57 0.54 0.51
'E' 605‘ T T | I I
S 6.00~—%-_
0
= 5.95}
A1) SRR £ 5 LT e ——
g 5.85}
T 5.80|
— 5 7517 Best fit - =+ Model (Rescaled) R
— "7 []= =+ Average ¢ Daya Bay
© 5.70 I I I I I
0.24 0.2 0.28 0.30 0.32 0.34 0.36

F 123{}

o930 [107* cm? [ fission]

235 appears to be the main contributor to the Reactor

Study of the neutrino flux and shape changing with reactor fuel

Reference: PRL 118, 251801 (2017)

. 9
Ax?
4
1 4 9
55
A Daya Bay
—e— Huber model wf 68% C.L.
5.0
4.5
A /
4.0
C.L
3 5 680/0
' ( : ! 95%
o35 = (10.1£1.0) x 10~% o
3.0 crj.u =(6.04+0.60) x 10~% 93.7%
52 56 60 64 68 7.2

o935 [107% em? / fission]
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G ) Reactor spectrum anomaly

Daya Bay RENO Double Chooz

CPC 41, 1 (2017) 013002  PRL 116, 211801 (2016) IBD Gl\clje)Utrino 2016
1.2 ! ! DCVBOGa) o) s

80000 _—(a) T ——data % NEUTRING 2016 PRELIMINARY __|—
> L = = : 15000 o Pri l Rate+Shal p e fit | ]
r = o= .ﬁlll uncertainty o A ND IBD(Gd) / Prediction n (scaled to data )( ical error)
= 60000— = = 8 115 P i v shiape s o pie ﬂ\nil i (energy® bﬂkgru ndaflux) T
% = == reactor uncertainty ﬁ o I 7 10 Flux normalization error
a = < 1.1
~ = = 1 10000 © 1 : : :
§ 40000 &= :, 8 - .Ll;l.
£ [ = = = = 1.05 TP [ -
% 20000— = integrated 5 5000 o S — i 1 -t
r - [ ) S 1 ' :
55 = . 2 +
£3 1.2E0) o 0.95
53 = o 02 =
oE 1.1 ———— = - c
ot -t —- = o 0.9 :
1.0 ey ey R T e — 0.1 = s a1
SE ) o o F normalisation = | -
== 08 £ 010 ‘ 4 8 L . L
2 4 6 =] 1 2 3 4 5 6 7 8 o 083 2 3 2 5 6 7 8
prompt energy/MeV Prompt Energy (MeV)

Visible energy (MeV)

* All three experiments observed “bump” in the 4-6 MeV
region of the prompt energy spectrum since 2014.
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Source of 4-6MeV excess

« Evidence that the 4-6 MeV excess comes from reactors
— NOT from background, sterile neutrino, energy nonlinearity ...
— Clear correlation with reactor thermal power

« Underestimation of reactor prediction uncertainty? a. nayesetal.
— 30% of the decays are first forbidden. 5% uncertainty is more realistic

4000}

L L — — —
a g 3 _+ Excess rate nGd + nH E
- % o All candidates gcaled 7
- § . nod E
f il ]
- 0 ONE W ONE __ TWO
Number of Reactors ON_]
n-Gd + n-H ]
- . ]
e —— Region of excess ]
I *_“;‘_ —4}— Side-band data
B = —— Best-fit interpolation J
_ S ]
L T i
n-Gd T~
—— T—
+""-+— —— ]
L ----.—._.___‘___.__ -
C Ly by e
3 4 5 6 7

Visible Energy (MeV)

Double Chooz
JHEP10(2014)086

2000 Preliminary
.é 1800 E_ —— 1.0 MeV 4 rj‘m‘i 2.0 MC‘\T 3.0 .Vle\f" < E, ‘: %0 MeV’ Py 20- T T T T T T T ]
2 1s00E- ——2.0MeV <E,<3.0 MeV —p— 4.5 MeV < E.< 5.5 MeV ‘;? 2 Near
b E vy Lo & f ot - | .
'fﬁ 1400 ? bz ¥ e ++_+‘*’+:-' . R ¥ ++++c-+ E
= 1200 —~ P,
& 1000FE- Q 15+ T .
: 80(1:— ++h"1-"n” ot *‘“{:} . Lo +v++,._ :;E ...+,.»
T +° et SIS T S [ two or three ,*
400 I*"“““ . . . Iow . . e, q"_) 10~ reactors are + _‘_,._.-' All the six |
030~ C; off + reactors are on
2 3 -
8 352 SRR TR TGN R +f'+ﬂ**ﬂ:"l“’f*“" byt 4 H'-_-_ o [
g U T & T T ; T T =
= 024 > s i -
£ 022 D
= 020
2 o8 = b RENO 1800 days -
S 016 vy =
= \) 4 ) + Fot ] o | | | L . |
B 014, t b R ol L1 L
014y o IS Pt 0 200 400 600 800

IBD rate from thermal power (/day)

event date

Daya Bay RENO
CPC 41, 1(2017) 013002 @ NUFACT17
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Sterile neutrino searches

« LSND anomaly: excess of 7, in a v, beam LSND: 3.80
(2001), similar excess seen by MiniBooNE (2013) £ s
w (vﬁvye‘)n
« Reactor anomaly: ~5% deficit at 10-100m | o
baselines (2011) 15 -
« Gallium anomaly: ~2.90 deficit of ~0.8MeV v, at ]
meter level (2006-2009) Plenary talk: Thomas 25|
. . Schwetz, Review of
eV scale sterile neutrino | ev-scate sterite G T
Neutrino Physics 1 LE, (metersivev)
1'1IIII| I IIII\II| I IIII\II| | IIII\II| | IIII\II| I I\IIIII| [ . L.
1_ T 1 e T __ho oscilliisi_c\_n line || h |Ore It Mln'BOONE 280
E 0.9_— —I:__W \ Neutri:gl;a;nomab— % | | IAntinelutl'iI'IOI | _
g os Ll Goason | 2 . peagor)
g o8l v-oscillation O 10 %z:from;ﬁﬁ _:
E — Atmospheric () v, from K’ ]
g il Neutrino Anomaly 08 B8« misid y
g o7 (1986-1998) AN ]
5 | H—/ v-oscillation 0.8 5 g;:er E
% 06— ;I':rgz Lr;cokgjr:iet; Anz}erlfutz'ti-no 04 —— Constr. Syst. Error 1
E I > 15 projpects.... A:?:S:Th%g:;) _
05— 0.2 i
0.4_IIIIB 0 ||\||1|u L0 H!;L:’mﬂloD;elmlr;sl:ﬁwl | | ||\1|u|(lm | ‘”%Lm 0 “02 04 06 08 10 12 14 Efgﬁ(ee\?;'{)
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& Constrain from ~km experiments

A
D

« Additional spectrum distortion with the existence of sterile neutrinos.
« Reactor disappearance experiments constrain Am?,, and sin?26,,.

« Combination of accelerator and reactor

experiments further constrain Am2,, MINOS+DYB+Bugey-3:

. . 102 E T T T T T T T I T T T1TE
and Sln229pe. F 90% C.L. Allowed i i ]
I - CILSND O\ 5 -
LSND + MiniBooNE'’s allowed par. 1o L= MiniBooNE ]
= MiniBooNE (v mode) =
space excluded < 0.8 eV2 @90% C.L F — MinBooE (vmode) ]
1 PRL 117, =
Daya Bay RENO preliminary < | 151801 e i
S e g S— S " (2016) N T
' r 3 ; — 10 E e —
i i _\:P10"- - = e H:E
107 E “E" C T -. -
PRL117,] ~ | o2 L 4
< ool 151802 vt o o
7 (2016) | , [ 90% C.L. (CL,) Excluded 7
= 10 E— NOMAD E
10%E —- Daya Bay 95% C.L. = 107 E --- KARMENZ2 E
E — Daya Bay 95% CL, ] i L = MINOS and Daya Bay/Bugey-3 -
a —— Daya Bay 95% expected (+1o) ——— RENO 95% C.L. (Varying sin'20,,) 1 10_4 ol ol el v vl
| ----Bugey 90°|/o C.L | sesss Bugey 90% C L. (40m/15m) 1 10—6 10—5 10—4 1(]—3 10—2 10—1 1
107140’3 — ‘H;IO'Q — HIIW‘O" ‘H "'”1 101‘03 10 107 » 2 “.1 SiﬂEEG =4|U |2|U |2
sin’28,, sin?20,, ne = ed! M4
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Short baseline reactor experiments

Only introduce NEOS and SolLid in this talk

Experiment Reactor Overburden Detection Segmentation Optical Particle ID
Power/Fuel (mwe) Material Readout Capability
DANSS 3000 MW ~50 Inhomogeneous | 2D, ~5mm WLS fibers. Topology only
ussia ue sheets
(Russia) LEU fuel PS & Gd sh
NEOS 2800 MW ~20 Homogeneous none Direct double | recoil PSD only
outh Korea ue -dope ende
(South K ) LEU fuel Gd-doped LS ded PMT
nulat 40 MW few Homogeneous Quasi-3D, 5cm, | Direct PMT Topology, recoil
(USA) 251 fuel ®Li doped PS 3-axis Opt. Latt & capture PSD
Neutrino4 100 MW ~10 Homogeneous 2D, ~10cm Direct single | Topology only
(Russia) 251 fuel Gd-doped LS ended PMT
PROSPECT 85 MW few Homogeneous 2D, 15¢cm Direct double | Topology, recoil
(USA) 25U fuel BLi-doped LS ended PMT & capture PSD
Solid 72 MW ~10 Inhomogeneous | Quasi-3D, 5cm | WLS fibers topology,
(UK Fr Bel US) 250 fuel ®LiznS & PS multiplex capture PSD
Chandler 72 MW ~10 Inhomogeneous | Quasi-3D, 5cm, | Direct PMT/ topology,
(USA) 251 fuel ®LiznS & PS 2-axis Opt. Latt | WLS Scint. capture PSD
Stereo 57 MW ~15 Homogeneous 1D, 25¢m Direct single recoil PSD
(France) 22U fuel Gd-doped LS ended PMT
Nathaniel Bowden @ Neutrino 2016
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\’/5 N EOS Reference: PRL 118, 121802 (2017)

* Neutrino Experiment for Oscillation at Short baseline
— 2.8 GW,, commercial reactor in

Younggwang NPP, Korea Eﬂ:— (@) 3 -
— Low enriched uranium fuel (4.6% 23°U) T gi i
— 23.7-m baseline and 20-m.w.e overburden £} e )

-

L 2 3 45 6 7 B 12 -
Meutrino Energy [MeV]

d —— Data signal (ON-OFF) "

¢~ Data background {(OFF) "%

----- MC 3v (H-M-\)

—— MC 3v (Daya Bay)

— LS detector with 4.8%@1MeV energy res.
— Single detector, need a reference model

Events /day/100 keV
(%]
=

-
=]
T

' TTTTT] T T T ',I LA B T W ;— 4
% | RAAallowed : ] I M- i
% i 90% CL : s 1_11- ®) +g'_.l'£s?fn{zl?c|t\;tal H'H##H -
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Parallel talk: Simon Vercaemer,
Reactor Experiment SolLid

 Compact reactor BR2 at SCK-CEN Many thanks to Simon V. and SoLid collaboration
(Belgium)
— 93.5% 23U, 50-80 MW, 6-9 m
baseline
« 3D highly segmented composite
detector (1600kg for phase 1)
e+ detection in PVT cubes

— Neutron capture on Li in ZnS layer
— n and ely discrimination with PSD

« First physics results in 2018
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=» Next generation reactor experiment

« A unique way to determine mass
hierarchy using reactor
antineutrinos by the interference ~ osf
between AmZ2,, and AmZ2,,. 3F

0.6 .
- TN e Non oscillation

—— 0, oscillation

Normal hierarchy

Inverted hierarchy

Arbitrary unit

« Challenge: very large detector
volume and unprecedent energy o TSee——
resolution v T e ey

 JUNO: 20kton liquid scintillator, %
3%@1MeV energy resolution, 5
700m underground 500
E
U): 0.4
Parallel talk: Z.H. Qin, JUNO: Recent
Progress in Detector R&D 0:2 1 10 160L o]

M.He: Overview of reactor neutrinos 24



Summary

Reactor neutrinos played an important role in the history, leading to
the first discovery of the neutrino, and the first confirmation of solar
neutrino oscillation.

The current generation reactor experiments, Double Chooz, Daya Bay
and RENO observed the neutrino oscillation driven by the smallest
mixing angle thetal3, and provided the most precision measurement
of thetal3 to date.

Anomalies were observed in reactor neutrino flux, spectrum, and the
fuel revolution. These evidences suggest an underestimation of the
reactor model uncertainty.

Combination of Daya Bay and MINOS excluded part of the sterile
neutrino parameter space allowed by LSND and MiniBooNE.

Many short baseline reactor experiments have started or are about to
start taking data in the coming year to further explore the sterile
neutrinos at eV scale.
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