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Reactor v Experiments

d Very short baseline: O(1 m~ 10 m)
DANSS, NEOS, Neutrino 4, Nucifer, NulLat, Poseidon,

Prospect, Solid, Stereo etc. e Se? KZ'S ;a'k
Today

 Short baseline: ~1to 2 km
Daya Bay, Double Chooz, RENO

J Medium baseline: ~ 50 km &= Sez Li’s talk
Juno, RENO-50 (Wed. June 1st)

Bob Cousins: “2 independent experiments each with 3.50
better than one experiment with 56"

Sunny Seo, SNU PhyStat_nu 2016 @IPMU, Japan



J Status of Double Chooz, RENO, Daya Bay
1. Introduction
2. 0,5 & [Am?__| measurements

3. ¢ fitting & uncertainties

J Discussion

How to combine the results from the 3 reactor v experiments ?
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First 0,; measurements in 2012

~ 4 years ago

Double Chooz Daya Bay RENO
sublicati PRL 108, 131801  PRL 108, 171803 PRL 108, 191802
ublication (Mar. 30, 2012) (Apr.27, 2012) (May 11, 2012)
sin%(205) 0.086 0.092 0.113
Stat. error 0.041 0.016 0.013
' (101 days) (49 days) (220 days)
Syst. error 0.030 0.005 0.019
' (flux uncert.) MC driven data drive
Significance 1.7 0 520 4.9 o

. A /

1 month 2 weeks
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0,; and Future Experiments

Accelerator

¢
PINGU ORCA

Sunny Seo, SNU Atmosphere 5



Why Precise 0,3 ?

1. 0,5 affects 0, (0,5) and 8., measurements.

2. 0,5 is best measured in short (1~2 km) baseline
reactor v experiments. =2 legacy measurement

Thus, we need to measure it
as precise as possible
with the currently operating detectors.
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Reactor 6,,; Experiments

RENO
Double Chooz _ @Yf’"gg,""a'ﬁ'gi?re?
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Sunny Seo, SNU PhyStat_nu 2016 @IPMU, Japan 7



Comparisons
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Reactor v Experiments

Double
Chooz
(France)

RENO
(Korea)

Daya Bay
(China)

360(500)/
1985(1613)

?

~10 M

?



0,; Reactor Neutrino Detectors

1. Cylindrical structure
(four layers)

2. Neutrino Target:
liquid scintillator
with 0.1 % Gd doping
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Total ™ e

™ Near Detector o Q
16.8 GW,, o4 éi?'

i Far Detector
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Reactor Neutrino Disappearance

Ve

e T v . _
) % m el flux before oscillation deficit of neutrinos
v, | 9, /
L

1.0 Near Det. FartDet.

P(Ve Y ),~. L - cos" 6, sin" 26, sin’ (TH } - sin’ 26, sin’ ( Em“ J

Probability v,

Distance 1200 to 1800 meters

| Am’ |= cos® 0, | Am; | +sin” 6,, | Am_,| Nunokawa, Parke, Funchal, PRD 72, 013009 (2015)

Using multiple, identical detectors will reduce the systematic errors in 1%.



Detection Principle of Reactor Neutrinos

‘176 +p— et + n‘
Inverse Beta Decay
(IBD)

|
Gd capture: H capture
Delayed signal : Delayed signal
~30 us ~200 us

or
~8 MeV ! ~2.2 MeV

delayed .
signal 1

= Prompt signal (e*) : 1 MeV 2y’s + e* kinetic energy (E = 1~10 MeV)

» Delayed signal (n) : 8 MeV y's from neutron’s capture by Gd in ~30 us
or 2.2 MeV ’ by H in ~200 us
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Backgrounds

= Accidental coincidence between prompt and delayed signals

» Fast neutrons produced by muons, from surrounding rocks and inside
detector (n scattering : prompt,

= 9Li/8He B-n followers produced by cosmic muon spallation

n capture : delayed)

Accidentals

Sunny Seo, SNU

Fast neutrons

" 1 B
1 [OOMOO! I

PhyStat_nu 2016 @IPMU, Japap

9Li/%He p-n followers

v
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Buffer L 'ﬂl Gamma Catcher &
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Observation / No-oscillation prediction

0.7F

0,3

FD-I

—+—— FD-IData

o oscillation

Best fit: sin 26, = 0.111

Single detector systematic uncertainty

PP y
Energy scale systematics

it

.

Far + Near (673.14 and 150.76 days)

Double Chooz Preliminary

| |

|

Observation / No-oscillation prediction

1

2

3 4 5 6
Visible Energy (MeV)

7

8

Double Chooz

Fit results

FD-II

Observation / No-oscillation prediction

—+—— FD-IData
] IR No oscillation
Best fit: sin “20,, = 0.1
[ single detector systematic uncertainty
.2 [ Suppressed systematic uncertainty
Energy scale systematics
1 + + *
ot L IL
. -+ e
TT 1’.+-Lr T
.9
.8(
: Far + Near (673.14 and 150.76 days)
i Double Chooz Preliminary
| | | |
1 2 3 4 5 6

Visible Energy (MeV)

@ Moriond 2016

ND

——— ND Data
............. No oscillation

Best fit: sin “20,, = 0.111
Single detector systematic uncertainty
[ d

PP Y
Energy scale systematics

Far + Near (673.14 and 150.76 days)

0.7F Double Chooz Preliminary

| I !
1 2 3 4 5 6 7 8

Visible Energy (MeV)

 Best-fit: sin?20,;,=0.111 * 0.018 (stat.+syst.) (x2/dof = 128.8/120)

Non-zero 0,; observation at 5.8¢ C.L.

Double Chooz Preliminary

Cosmogenic °Li BG: 0.75+0.14 d-1(FD), 4.89+0.78 d'1(ND)
Fast-n+stop-p BG: 0.535+0.035 d-1(FD), 3.53+0.16 d-1(ND)

Energy non-linearity: consistent across data sets and with calibration,



| in RENO

e
2000 T o 6 A\ Daya Bay /' — Rate+Spectrum 3
I | 2]< 4;—D e =0~ ,,' - - Rate-only —
2:_ ouole 00z /X ,1 _:
= 1500(— — - ,\-/,,:
> - N e Rate+Spectrum
g ~ 3 + Rate-only 9
;1000 1oz 0 [199.7% C.L. ]
= 4 i 95.5% C.L. 7
9 S 2.5 I 68.3% C.L. —
500 Far Data N i
Prediction (best fit) - |1 o 8 _F -
-------- Prediction (no oscillation) g 2 I
E1af . 1
S T ~°L RENO 500 days |
o) T I T B RS —|||||||||||||
£ - 0 0.05 0.1 0.15 2 4 6
0. u ) 2
~ 70 1 sin“20,, Ay
S 0 8 I I I I I 1
A1 2 3 4 5 6 71 8
Prompt Energy (MeV) PRL 116, 211801 (2016)
-2
s 260,, =0.082 +0.009(stat) = 0.006(syst
500 days 13 (stat) (Syst)
2 +0.21 +0.12 -3 2
RENO’s 15t | Am?__| measurement ! ‘Amee =2.62" ) (stat.) 7y 5(8yst.) (x107eV?)
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Events/day (bkg. subtracted)

Far / Near(weighted)

18
16 E
I N~ T T o N A —;
- A m e ey e — i”'.[”‘rl" Y"'
12 B 5 99.7% C.L. i
10 i 955%CL. |
8 - °r 68.3%CL.
6 - %) i Best fit 1
. o i
4~ —4— Farsite data - 25 ~
2 C === Weighted near site data (best fit) _g =
C —— Weighted near site data (no oscillation) (t B
il E S T S ' 0y I 32'_
1.1E : . :
105E | Daya Bay: ;621 days 1 |
'E "% 0.05 0.1 0.15 5 10 15
095 F sinf26. , Ay
09
0.85 F
-—_ PRL 115, 111802 (2015)
Reconstructed Positron Energy (MeV)
.2
sin“ 2613 = 0.084 4+ 0.005
621 days [Am2_| = (2.42 £0.11) x 10~3¢V2
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Reactor Neutrino Disappearance on L/E

Sunny Seo, SNU

PhyStat_nu 2016 @IPMU, Japan

Y R 7 RENO
= ‘/_ PRL 116, 211801 (2016)
1\00.95— —
= [ il
ol
- ¢ Far Data _+_ i
09— O Near Data |
i —Preld1ctTonl o o e Daya Bay
0 0.2 04 0.6 0.8
L /E, (km/MeV) PRL 115, 111802 (2015)
SR
" A 4 EH1
- i Y EH2
_ . . L > i $ EH3
e ~1_ 2 2 2 _
P(V, = V,)=1-sin"26,;sin (Amee 4E, |I“’ 0.95 —— Best fit
E_’ |
0.9
0o o0z 04 06 08
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Summary: Latest n-Gd Results

Rate+Shape Analysis : sin22e13 Rate+Shape Analysis : IAmze |
—e— RENO (500days) —«— RENO (500days)

—— PDG 2014 - PDG 2014

. Double Chooz
(2014)
- Daya Bay o~ Daya Bay
005 01 __ 015 02 2 ,3 L4 5
sin20, | am__| (x 107 eV?)

|Am,, |2 (x103 eV?)
+ Total Error

Rate + Shape [ x2/NDF]  sin220,; * Total Error

RENO [58.9 / 66 ] 0.082 +0.010 26210
Daya Bay [134.6/146] 0.084 + 0.005 2.42 +0.11
Double Chooz [52.2/40] 0.090f3‘8§§ ---




n-H Analysis

Motivation:

1. Independent measurement of 6,5 value.
2. Consistency and systematic check on reactor neutrinos.

n-H IBD Event Vertex Distribution 0.5~

L B LA B

—|— Far Detector

—|— Near Detector

Sunny Seo, SNU
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<
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g .
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Summary: Latest n-H Results

IBD n-H

«— DC 2015

—«— RENO 2014

PDG 2014 =

- DYB 2014

01 0 041 02 03 04
sin"‘ZO13
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Future Prospects on 0,,

3 yrs Near&Far
A(sin%20;,) ~10 %

A(lm?e[)

13

—_
o
o

Uncertainty of sin“28,.,

Sunny Seo, SNU

6 yrs
~3 %
~3 %



0,; & |Am?_.| measurements

This is a “Parameter estimation”.

- Find minimum 2 by varying 6,5 & [Am?_|

Sunny Seo, SNU PhyStat_nu 2016 @IPMU, Japan
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0,; & |[Am2_ | measurements

Survival prob.
/

1 — P = sin? 20,3(cos? 012 sin? Ag; + sin? 615 sin? Asp)
+ cos® 013 sin? 26015 sin® Ayq

~ Sin2 2913 SiIl2 Aee + COS4 913 Sin2 2912 Sin2 Azl, (1)

“Approx. Osc. Prob.

2 2
Where, A o Am;L A = Am,, L accurate to
] AE (ij=1,2,3) e 4F 1 partin 10°4”
5 5 5 . o 5 Parke
Amee = COS 012Am31 —+ Sin 912Am32 arXiv:1601.07464

- Find minimum 2 by varying 6,5 & |[Am?_|
Parameter estimation

Sunny Seo, SNU PhyStat_nu 2016 @IPMU, Japan 24



X2 Fit Methods

* Covariance matrix method: €—— Daya Bay
— more traditional in HEP in the past

— could be more difficult when # of sys. error

increases.

e Pull method: Stumpetal, PRD65, 014012 (2002)

- red
reduces error CENG

—> easier to code up

The two methods are exactly identical
mathematically. Fogli et al, PRD66, 053010 (2002)



General X? Fit with Pull Method

Fogli et al, PRD 66, 053010 (2002) Correlated
error

Ly

K
t th K
RS 6|
- 7
+E Ex
k=1

N
2 .
X'punl — 11111 21
— n=

(&:) Uy

!

Pull parameters Uncorrelated
Error

Pull method is more practical when
K (#. sys. error sources) << N (#. observables) ..




RENO: X?fit

Arbing F/JN' F/;Nr 2 d 2
, N (of/N — 1Ny b
o3 O v (2

i=1 i d=N,F bkg

fr

6 2 N e \2
+3 (=) + (%) +(5)
; (a}lu:z:> Oeff Oscale

TF/N _

2

ITL-F/}V (bd, f'r, 6, e; 613) |Amg€|)

<+ Expected events term (T//N) contains
energy dependent BKG uncertainties.

PRL 116, 211801 (2016)

(Pull method)

68 bins = 34 energy bins x 2 periods

Sunny Seo, SNU PhyStat_nu 2016 @IPMU, Japan
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Daya Bay: X? fit

(Covariance Matrix method) PRL 115, 111802 (2015)

x = Z(N,f - WJN?)(V—I)U(N{ - w;N7)

i,J
Weight Extrapolation factor
._f 'f f cores p Eque’ Lf . Lf 2
wW; = N—iz = (T_n) (e_n) Z'p(Ejrue|Efec)rj r= Z(I:ores ( j - ﬁ)¢jk/( ﬁ)z
Ni r € j Zk P(Ejm ’Lk)¢jk/(Lk)

Cov. Matrix element

1 &
Vij = NZ(S{ - WiS?)(S,f' - w;S})

148 bins = 37 energy bins x 2 N-F pair x 2 periods
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Double Chooz: X?fit

40 40 . .
=3 (NP — NER)MGH(NG - NE®) + 3 U_g (Hybrid method)

i=1 j=1 k=1 k

9 -1
Oq4 Pab0a0b PacOalc €a JNobs
2 Nobs 1 off ) NEXP _ obs]
+(€as€ba 66) PabTaTb 02,? PbcOb0¢ €b * [ off "1 (Ngép T Noft off
pacaao-c prO'bO'C 0-(2: GC

Cov. Matrix element

JHEP 10, 086 (2014)

Mij — Mis;at + Mgux + M;;H + MiI.J,'i/Hc(shapc) + M;cc(stat)

Fit Parameter Input Value Best-Fit Value
Source Uncertainty (%) Li+He bkg. (d~1) 0.97t04 0.74 +0.13
Reactor Aux 1.7 Fast-n + stop-u bkg. (d~') | 0.604 = 0.051 0.56870 037
Detection efficiency 0.6 Accidental bkg. (d~1) 0.0701 = 0.0026 | 0.0703 = 0.0026
or: 8 Residual 7, 1.57 £ 0.47 1.48 + 0.47
E-scale €, 0 £ 0.006 0.0017 505
Statistics 0.8 E-scale ¢, 0+ 0.008 ~0.001+:004
Total +2.3 / -2.0 E-scale €, 0+0.0006 | —0.0005+39%07




0,; & |Am?__| uncertainties

2 N
F.P,i F.P,
Nobs _ NEXP
N,P.i N,P,i
E Nobs NExp
\
2
i=I~N, (Ui )

NN,i

obs

F,i Fi F.i N, N,
Nobs.\/Nobs+kag Nobs+kag

+
F,i\2 N,i\2
(Nob; (Nobsl)

AY? = X = X min

6 A\ Daya Bay /i — Rate+Spectrum —J
4 -0~ /' --Rate-only —
7 E_Double Chooz \7,' _i X2 = E ;
__ T T T f T T Y .' f T T T T f T T T T —_"I|||]NII|I P=bef0re,Aﬂer
i e Rate+Spectrum ]
~ 3l + Rate-only .
o — —1
= []99.7%C.L. ]
n [C195.5%C.L. ]
= 2.5 I 68.3% C.L. — U =
N’
g 2r 7
<
LS RENO 500 days B
I H T KRS S NS N (SIS SIS S
0 0.05 0.1 0.15 2 4 6
sin22613

PRL 116, 211801 (2016)

sin’26,, = 0.082 = 0.009(stat) = 0.006(syst)

‘Amfe =2.62"7 (stat.)

Sunny Seo, SNU

+0.12
-0.13

(syst.) (x107eV?)

1 0 uncertainty:

= Allow

Ay? =1

pull params in y?:

- total error
= Remove pull params in y?:
- stat. error

PhyStat_nu 2016 @IPMU, Japan
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Example: Rate-only Analysis

= Allow pull params in x?:

: —> total error
20

C 4 ¢
15—

% [ ,
10— i E
5E-
ok ¥ I P,

0.04 0.12 0.14

sin®26,, = 0.087 = 0.011(total)

Sunny Seo, SNU

NGl Nef )
_
2 — Nob.‘s NEI’P
X = Z UP
P=SetA,SetB
where
6
NGy =) [ +¢+ &GP+ £) - NGp™] —bF — BE - St
r=1
6
N,P SetB rN,P, P pP oN
NEP =3[+ + £) - NEPT =0k — 8% - sy
r=1
F.P +F,P F\P N,P N,P
P N, obis J\/obs +‘kag N, obs + NN, bkg
V= NNP F,pP)? N,P\2
obs (Nob; ) (Nob; )
and
2 SetB\ 2
2 g gd
o = () + 3 (%)
penatty o¢ d:;N ¢,

RS AN
)+ (%) 2 (2
Pd ba d LH

y

PhyStat_nu 2016 @IPMU, Japan
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Example: Rate-only Analysis

F,P F,P
Nobs _ NeIp

NI NI

obs ex

= Remove pull params in y?:

+ \’p Ity 25__
P=SetA,SetB _ 9 stat. error
where 20——

6 N

F,P B +F,Pr P/ oF B
‘Neafp :Z [(I%ﬁé % *Nerp ] - _%SLH 15—_ """"""""""""""" d
r=1 L H H
o u ' '
6 x B E E
Ny =2 [(1+ ;iég +/{ N —/&/ - Bz’/SJL"H 10
r=1 — i i
F,P F,P N,P -N,P ‘_ - -
P NEE NG + Ny Ny + Ny S i :

- NP _F.P\2 N,P\2 N :
obe (‘Nobs ) (‘Nobs ) 0- T 15 1 N H - S T T |
and 0.04 0.06 0.08 0.1 0.12 0.14

sin®(2e,.,)

o = (EV 0 (S \‘
T a=FN < & 7 Sin22H13 = 008710009(8’[21’[)

s (BN s (RN o (S

b2 1 — — — —
= o)\ ) T\

2

0 £

stat.

-2 L -2 ~
()syst. — Otota,l — 0

sin”26,, = 0.087 = 0.009(stat) = 0.007(syst)
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—> total error

Rate-only ‘

sin®26,, = 0.087 = 0.011(total)

Example: Rate-only Analysis

= Allow pull params in x?: = Remove pull paramsin x*:

—> stat. error

syst.

AN

— 52

- &~
total 0

sin®26,, = 0.087 = 0.009(stat)

sin”26,, = 0.087 = 0.009(stat) = 0.007(syst)




Summary before discussion

1. Neutrino mixing angle 0,; was measured in 2012
using reactor neutrinos: ¥~ 50

— Open a wide window to future v physics

2. Precise 0,3 measurement is still necessary.
3 exp. combined analysis: better than 3 % precision

(Current Daya Bay: 6 %, RENO: 12 %, Double Chooz: 33 % = 16%)
RENO announced their 15t [Am?_,| measurement. PRL 116, 211801 (2016)

3. 0,3 & |[Am?__| are obtained from x2_. by varying 6,3 & |Am?_|.
— parameter determination

Sunny Seo, SNU PhyStat_nu 2016 @IPMU, Japan 34



Daya Bay/ D. Chooz / RENO

* Technology: similar

-- GdLS: similar but not identical
-- Acrylic vessel: different thickness
-- PMTs: DC & RENO have same PMTs

* Analysis technique:

-- three exp. use pretty much the same technique.

J Future plans:

-- common workshop is needed for understanding better,
and may come up with combined analysis ?
- better than 3% precision

Sunny Seo, SNU 35
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(=3
o

Uncertainty of sin“20,,

3 %[

Combination Prospects

The 3 experiments started to discuss combination.

To the end of 2016 (by J. Zhao)

= Daya Bay: 0.00307

= Daya Bay + RENO: 0.00287 <> improve by 6.5%
= Daya Bay + RENO + DC: 0.00282 - improve by 8.2%

Assumed uncorrelated

= Reactor, detector, background

= Cosmogenic bkg correlation - worse
= Cosmogenic bkg (50% systematic uncer.) reduction = better

— DYE+RENO
— DYB+RENO+DC

MNear+Far .
| — e al V(. )
2013 2014 2015 2018 2017

J. Cao @TAUP2015

' 0.0033

o
=
&
~

neertainty of sin“20

L

S 0.003] R

— LYB

- car+lar

0.0028

2016

A'—'"k' s Sy T s Dby s
2016.2 2016.4

"'l""""'""""'"l"""I’ - 1_ e ogecessegreseangpereses
2016.6 2016.8 20173



 Combining results from 3 reactor experiments

2 — 2 2 2
X" =X o T X Reno T X De

—> This will require unification of y? formalism
— Could be little (?) complicated...
- Any other technical problems ?

Any good idea to get the best result ?

Sunny Seo, SNU PhyStat_nu 2016 @IPMU, Japan 37



e Combining n-Gd & n-H analysis result

2 — ay2 2
X _X n-Gd+X n-H

— This might be relatively easy within the same exp. ?
— Any technical problems ?

Sunny Seo, SNU PhyStat_nu 2016 @IPMU, Japan 38



PhyStat-v Workshop on Statistical Issues in
Experimental Neutrino Physics

from 30 May 2016 to 01 June 2016 (Asia/Tokyo)
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The RENO Detector

=Target : 16.5 ton Gd-LS
(R=1.4m, H=3.2m)

|

Wi

| | * Gamma Catcher :
(L8) 30 ton LS
® || (R=2.0m, H=4.4m)

\\| Buffer
o (MO)

E |
=
o
5
p

|
—
Bl

al |l

2

1._.
=moms|i[.
= B B
b e\

u
=

-l
-
—

4
I-‘h_.l—_4

‘Lll

X
-
-
B
-
u

a
e
-_—
=
]
-
L

’_’I’:

H;0 || | = Buffer : 65 ton mineral oil
@|| (R=2.7m, H=5.8m)

’:I

G .
“J
=l B2

[ —
|

= Veto : 350 ton water
(R=4.2m, H=8.8m)

-- 354 ID 10 * PMTs

4 enclosed cylinderso -~ 67 OD 10" PMTs




etectr: Double Chooz

Inner detector:
acrylic vessel (8 mm) with
10.3 m® Gd-loaded (1 g/l) liquid scintillator.
Gamma-catcher: acrylic (12 mm) vessel with
22.3 m?® of liquid scintillator.

Buffer: stainless steel (3 mm) vessel
supporting 390 10” PMTs, with 110 m3 of

non-scintillating mineral oil.

Outer detector:

* Inner veto: steel (10 mm) vessel supporting
78 8” PMTs, with 90 m?3 of liquid scintillator.

15 cm steel.
plastic scintillator strips.



Detector: Daya Bay

inner water shield

(e vt o Layout of the detectors

PMTs

» Far-near relative
measurement

 Eight identical antineutrino
detectors (ADs)

» Multiple muon tagging
system (RPC+IWS+OWS)

Calibration unit

20t LS
20t Gd-LS
37t Mineral Oil

Reflector

42




Future Prospects on 0,,

Double Chooz
» 3 years of Far & Near data: 15-10 %

0.05 — ? : y : y
- w— — e DO Dased (n-Gd ondy) Far detecior coly
o 0 . 045-— s AN Dased (n-Gd ondy) Near and far detecions !
- : Range of polential n-Gd-based precsion
™ 0 . 04 1 1809 nedr and 1ar datecions
& E\ T .
& 0.0355 ' - |
= - \ : : Double Chooz Preliminary
m : H H H
c 0 03: : e
5 0.025 ; § e —_
= E i i
[ - . :
- '
S 0.015 o - |
S osE '
4 0.005 . |

0;.1 Lo hla li..AIIIIAI...l,[.Q.llA
0 1 2 3 4 . 6 7

Total years cf data-taking since April 2011
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Future Prospects on 6,,

RENO Daya Bay

= 5yearsofdata:5 % = 2017 (6 years of data) : 3 %
- stat. error : +0.008 — +

O(sin?40,,)~0.003, 8(Am?2_.)~0.07
-sys. error : £0.008 > =+ ( 1a)  O(AM°ee)
’?2 0035 _I TTT | TTTT I TTTT I TTTT | TTTT | | | TTTT | TTTT | TTTT TTT |_
& - RENO Uncertainty Projection .
S 0030 —
© - PRL (2012) 1 %0
L 4 & - o
0.025 Oyt = 0.019 J “coots .2 68.3% C.L.
© 0 - sin“20,, accuracy
N 1 To0.016F 13 — Rate Only 6->8AD
B 201 3 3 n E -tT eseee Installation
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The 5 MeV Excess in 2014

(Data - MC) / MC

Prompt Energy [MeV]

(In Neutrino 2014)

In 2012

-- RENO: excess (? 0)
in [3, 8] MeV region

(1) new background ?
(2) energy scale issue ?
(3) reactor v model issue ?

(In Neutrino 2012)

Data/Prediction

DEVERCYLY,

DC-lll (n-Gd) Preliminary
Livetime: 467,90 days

4 5
Visible Energy (MeV)

(In Neutrino 2014)

In 2014

-- RENO: 5 MeV excess (3.5 o)
correlation w/ reactor P,,.

-- DC: 5 MeV excess (? 0O)
correlation w/ reactor P,,.

-- DB: 5 MeV excess (? O) wm==2p in 2016

Prompt Positron Enerqy (MeV)

(In ICHEP 2014)




RENO: Excess at 5 MeV

arXiv:1511.05849.v2
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Correlation of 5 MeV Excess with Reactor Power

29 RENO Preliminary
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correlation
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** Recent ab initio calculation [D. Dwyer and T.J. Langford, PRL 114, 012502 (2015)] :

- The excess may be explained by addition of eight isotopes, such as 2°Y
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Data / Predicted

JHEP 10 (2014) 086
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Daya Bay
PRL 116, 061801 (2016)
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5|Am2,| (x103 eV?)

6(Sin2 2913)

Reactor

Detection efficiency
Energy scale
Backgrounds

Total

+0.018, —-0.018
+0.020, —-0.022
+0.081, —0.094
+0.084, —0.106
+0.115, —-0.133

+0.0026, —0.0028
+0.0028, —0.0029
+0.0026, —0.0015
+0.0030, —0.0028
+0.0055, —0.0052

Sunny Seo, SNU
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