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Recent & New Results from RENO

= Recent measurements of Am_.2 and 6,5 from rate+shape
using ~500 days of data (Aug. 2011 ~ Jan. 2013)
- PRL 116, 211801, 2016; PRD paper will be submitted soon

» Updated the 5 MeV excess in reactor neutrino spectrum
using 1400 days of data —> paper in preparation

= Independent measurement of 0,5 with n-H for a delayed
signal w/ 500 d (additional background reduction in progress)

= Preliminary result on sterile neutrino search w/ 500 days data

* Preliminary result on absolute flux measurement w/ 500 days
data




Nuclear Reactors: source of v,

Nuclear reactors are copious & isotropic sources of v, .

1 GW,,, reactor
- ~2x10%° v_/sec

The Diablo Canyon nuclear power plant
(~2.2 GW,,) in San Luis Obispo county, California.
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First discovery of neutrino Nobel Prize
is from reactor neutrinos ! in 1995

In 1956 @Savannah river, S. Carolina
By Reines and Cowan
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What is Nuclear Fission ?

A heavy nucleus like uranium split in two parts: the
heavy nucleus has a larger mass than the two splits.

The difference in masses, using the Einstein equation,
corresponds to an energy of about 200 MeV.

Sunny Seo (SNU) Neutrino Seminar @ Fermilab 6



Discovery of Nuclear Fission

In 1938 by team of
L. Meitner, O. Hahn,
& F. Strassmann

Nobel Chemistry Prize in 1944
The Experimental Apparatus with which the team of Otto Hahn, and Fritz
Strassmann discovered Nuclear Fission in 1938. The arrangement was

originally in 3 separate rooms: irradiation, measurement, and chemistry at
the Kaiser Wilhelm Institute for Chemistry in Berlin.
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Nuclear Fission Process
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>99.9 % v, are produced by 235U, 238U, 239py, 241py

Neutrino fluxes from main fuel components
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Plutonium breeding over fission cycle changes
v, rate by 5 ~ 10% and energy spectrum. 9
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Expected Reactor Antineutrino Fluxes

Reactor neutrino flux P, isotopes

O(E,) = e > fi#(E,)

Eszz i

- P, : Reactor thermal power provided by the YG nuclear power plant
- f, . Fission fraction of each isotope determined by reactor core
simulation of Westinghouse ANC

- ¢,(E,) : Neutrino spectrum of each fission isotope

[* P. Huber, Phys. Rev. C84, 024617 (2011)

T. Mueller et al., Phys. Rev. C83, 054615 (2011)]

- E; : Energy released per fission

[* V. Kopeikin et al., Phys. Atom. Nucl. 67, 1982 (2004 )]
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With Reactor Neutrinos

= To measure 0,5 ( finally measuredin 2012 !)
= CP violation phase angle ? Current
( when combined with accelerator data)

Short
= 4th family of neutrinos ?

Baseline:
O(1km)

* To determine v mass ordering (very challenging !)
= Very precise measurements on v mixing parameters| Future
= Super Nova v, Solarv, Geo v
= Multi-purpose detector

Medium
Baseline:
~50 km
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Neutrino Oscillation Milestones

Atmos. Neutrino ~45° (1998)
Oscillation Super-K; K2K
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Solar Neutrino ey 34° (2001)
i . =4 SNO, Super-K;

Oscillation ; KamLAND
9° (2012)

Reactor Neutrino 0
Oscillation 13

Daya Bay, RENO
Double Chooz

Nature was very kind to us !
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Chooz B
Nuclear Power Station
2 x 4200 MWth

distance = 1.0 km

Depth
 EEEELILEEELER] 00 mwe

Chooz Underground Neutrino Laboratory
Ardennes, France

Chooz Experiment

C1067 MAGELLAN Geographaow
9045) 052100 www rmags com

5 ton LS (0.09% Gd)

took > 1 year data
(until July 1998)

No oscillation observed

- set limit

Detector degradation



Chooz Results in 2003
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Double Chooz Results in 2012

S 700 I I I I I O]
2 Double Chooz Data ]
2 600 No Oscillation 7
S Best Fit: sin*(26, ) = 0.086 -
? for Am?, = 2.4x107 eV? _
g 500 Summed Backgrounds (see inset) | _"]
w Lithium-9 7
Fast n and Stopping u -
400 Accidentals —
300 —]
200 {
100 —
% 0
= 50
ot
S
o)
£ 0
°
g
a
= 50— —
& .
e 8 10 12
Energy [MeV]

Sunny Seo (SNU) Neutrino Seminar @ Fermilab

PRL 108, 131801

Result using
only
Far detector
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First 6,, measurements in 2012

~ 4 years ago

Double Chooz Daya Bay RENO
e PRL108,131801  PRL108,171803  PRL 108, 191802
ublication (Mar. 30, 2012) (Apr.27, 2012) (May 11, 2012)
$in2(20,.,) 0.086 0.092 0.113

Stat. error 0.041 0.016 0.013
' (101 days) (49 days) 220 days
Svst. error 0.030 0.005 0.019
yst (flux uncert.) MC driven) (data driven)

Significance 1.7 0 520 4.9 o

1 month 2 weeks
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0,; and Future Experiments

Accelerator

¢
PINGU ORCA

Sunny Seo (SNU) Atmosphere 19



Why Precise 0,5 ?

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
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Comparisons
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RENO Collaboration

9 institutions and 35 physicists Iin Korea
>

» Chonnam National University = Total cost : $10M

» Dongshin University _
« GIST = Start of project : 2006

» Gyeongsang National University| = The first experiment running

= Kyungpook National University | with both near & far
= Sejong University detectors since Aug. 2011

= Seoul National University
= Seoyeong University "
. Sungkyunkwan University

Reactor Experiment for Neutrino OSciIIéibn |



RENO Location: §
YongGwang & 3 - ¢
S. Korea _ s A O

YongGwang (ZE %) : SRR

389 — =io S SO _DC_ . U
means “Glorious light” "‘"*. i £l
~ 4 hours driving

. & 4 S ANG
distance from Seoul O R Y«
A0 P
&Y
CHEU-DO v

[y + JAPAN

Sunny Seo (SNU) 24



~ Near Detector 200m high
" _70m high /Reactors
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Reactor Neutrino Oscillations

Oscillations observed as a
deficit of anti-neutrinos

Ve
| T - flux before oscillation
el observed here
x l N /

Ve Ve
Q9
1.0 Near Det. inr Det.
12
o sin“20 5
z |
§ Using multiple, identical detectors will
E reduce the systematic errors in 1% level.
L,

Distance

1200 to 1800 meters

1-P= sin2 2013(0082 912 SiI‘l2 A31 + Sil‘l2 912 sin2 A32)
+ COS/1 913 SiIl2 2012 sin2 Agl

~ Sin2 2913 Sin2 Acc -+ COS{1 913 Sin2 2912 Sin2 A219 (1)

Aij = 1.267TAmZ,L/E

Amgc — COS2 012Am§1 + SiIl2 912Am§2

Nunokawa, Parke, Funchal, PRD 72, 013009 (2015)




What is Am_2? ?

2 — 2 2 . 2 2 Parke
Amz, = cos” 019Am3; + sin” 0120 AM3o | arxiv:1601.07464

ee —

Nunokawa, Parke, Funchal, PRD 72, 013009 (2015)

* v, weighted average of Am,;?2and Am,,?
* L/Eindependent

* Mass ordering independent

 Weakly dependent on solar parameters

Solar parameters

[Amgy| = |AmZ,| F cos® §12Am3, ~

[Am3,| = [AmZ,| £ sin® 612Am3, } | More dependent on
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Tunnel Construction
(20086~2008 1 2) by Daewoo Eng. Co. Korea

- L e —
- tRiting
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Near & far tunnels are completed

(20086~20093) by Daewoo Eng. Co. Korea
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Near site — BReese
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Detector vertical halls are ready
(2008.12~2009.2)

. 4 ' v
-

N 2000,12/18 1018




talled

Buffer steel tanks are ins

~2009.11)

by NIVAK Co. Korea
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PMT Mounting (Aug. — Oct. 2010)
7 < 7

|\"\.

08/17/2010 12:49

08728/2010 19:01




Munted PMTs
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Closing Detector (Jan. 2011)




Production of Liquid Scintillator (Feb.-July 2011)




Yonggwang Neutrino Detector Facility

] PP L g

", BRI

Korea Neutrino Research Center

» 3-6 permanent residents: taking shifts and operation of the detectors



Detection Principle of Reactor Neutrinos

‘176 +p— et + n‘
IBD process

or

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

~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, n capture : delayed)

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

Accidentals Fast neutrons 9Li/%He B-n followers
U

‘ 'l
Buffer L
(Mineral O

)

¢
ue
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RENO Data-taking Status

Data taking began on Aug. 1, 2011 with
both near and far detectors.
(DAQ efficiency : ~95%)

A (220 days) : First 0., result
[11 Aug, 2011~26 Mar, 2012]
PRL 108, 191802 (2012)

B (403 days) : Improved 0, result
[11 Aug, 2011~13 Oct, 2012]
NuTel 2013, TAUP 2013, WIN 2013

C (~500 days) : New result
Shape+rate analysis (6,; and IAm_. |)
[11 Aug, 2011~21 Jan, 2013]

PRL 116, 211801 (2016))

D (~1400 days) : 5MeV excess result
Absolute reactor flux and spectrum
[11 Aug. 2011~ 30 Sep, 2015]
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Events/0.05 MeV
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Detector Stabilit

» |IBD candidate’s delayed signals (capture on Gd)

_IIII|IIII|III'_L|III|IIII|IIII|I__II||||I|I|||

Delayed Energy (MeV) Delayed Energy (MeV)

‘Near Detector

e

| F'af D'et'ecltolr |

=t e B mlﬁ piuiinst IIIH]IHHI[HHIIIHI]I}I{HIHI

Sunny Seo (SNU)

0142 0712 1212 0743 1213 0744 12114
Date [mm/yy]

Neutrino Seminar @ Fermilab

gl

e
e nmnamn




Measured Spectra of IBD Prompt Signal
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IBD Candidates & Background

252(~¢ 25204 »
u Near Detector _ Far Detector
Fast Neutron L Fast Neutron L
Accidental Accidental

°Li’He °Li/°He
0 2 4 6 8 10 . . 2
Background Rate (/day) Background Rate (/day)
Near Far
DAQ live time [days] 458.49 489.93
IBD candidates 290755 31541
Total BKG rate [/day] 17.54 + 0.83 3.14 £ 0.21
IBD rate [/day]
after BKG subtraction 616.67 £ 1.44 61.24 £ 0.42 »




Observed Daily Averaged IBD Rate

’Q}OOO B Expected with no oscillation
_Cg | Expected with oscillation (best fit)
~~
] [T 3 L YTY"s 0 [ 5.7
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» Good agreement with observed rate and prediction
» Accurate measurement of thermal power by reactor neutrinos s



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 0)
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)




Observed Spectra of IBD Prompt Signal
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» Need more detailed energy
calibration between 3 and 8
MeV using new radioactive
sources.

= Any new components of
background sources?

= |s the prediction of reactor
neutrino spectra correct??
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Observation of a New Reactor Neutrino

RENO Prellmlnary
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[2011 Huber+Mueller]

= Near: 2.18 £ 0.40 (experimental) £ 0.49 (expected shape error)

= Far

: 1.78 £ 0.71 (experimental) £ 0.49 (expected shape error)

3 4 5 6 717 8 9
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Observation of an excess at 5 MeV

1400 days of data (Aug. 2011 — Sep 2015)

(Preliminary)

The measured near spectrum is
compared with prediction using
x> method.

Fraction of 5 MeV excess:
2.46 * 0.27 (%)

Significance of the 5 MeV
excess: ~9o

- Fast neutron
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First announced in Neutrino 2016
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Correlation of 5 MeV Excess with Reactor Power

.. 1400 days of data
95 RENO Preliminary y
| | | I | | | I | | | | | | | | | | , »
= Near T 5 MeV excess
s + $ . has a clear
o | 1 ‘ correlation
S 15w + \ — with reactor
% _ | two or three All the six : thermal power !
v |ol reactors are off ? + reactors are on |_|
)
> L X :
o |
= 5= _
v e |
. 1 1 | | The 5 MeV excess
O 300 400 600 __ 8o comes from reactors!

IBD rate from thermal power (/day)
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Correlation of 5 MeV excess with 23°U isotope fraction

(Preliminary)
235U fraction corresponds to freshness of reactor fuel

3 - I ' I ;
< Near
p—
e i -
75
Q
Q
> o
() . )
> P | e T T T RN S N
Q ' ——
> -
U i -
=
-
9 5 _ Fit function X2
*5 2 | Ax =1.174 y =p0 1.407 —_—
E P-value = 0.240 y=p0+pl¥x | 0.233

1 ] : 1 l - 1
0.55 0.6 0.65 gogiing e
- | :
Sunny Seo (SNU) of reactor cycle) U235 fraction of reactor cycle) ol



Energy Calibration from y-ray Sources

Non-linear response of the scintillation energy is calibrated with y-ray source

; 5 ...............................................-
< 2601 (a) —
B - n-Gd ]
s i
5 240 —
= - i
Rz —68 Far _
. 220 —
L [ eg e BB e - 0 - e )
-:.?3 o ?)_i """""" Y e -
_— = T - ®
ST * -
0 1 2 3 4 5 6 7 8 9 10

Correspénding IBD Prompt Energy (MeV)

Deviation of all calibration data points with respect to the best-fit is within ~1%.



2B Energy Spectrum (Near & Far)

= Electron energy spectrum from B-decays from 1?B and °N,
which are produced by cosmic-muon interactions

RENO Preliminary

> — L ————
é" 4000— L Near Data —
e - ¢ FarData _
g u —1— Prediction .
= 3000— —— "B Component |
g - W’ N e >N Component _
g 2000 - —]
- - ]
1000 - —

H — —
8 1.2— —
2t | .
= n + L] e T | o -
M= 0.8 =

| 1 1 1 1 1 1 1 | 1 1 1 | 1 1
0 2 4 6 8 1

B RN R 7
Reconstructed Energy [MeV]

6

Good agreement between data and MC spectrum! 53




Energy Scale Difference between Near & Far

e MR RN

Eebtny ) 4 ! i
Corresponding IBD Prompt Energy (MeV)

Energy scale difference < 0.15% for £, = 1~8 MeV
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Far to Prediction for Shape Analysis] Observed L/E Dependent Oscillation
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PRL 116, 211801, 2016
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Clear energy-dependent disappearance of reactor antineutrinos

Sunny Seo (SNU) Neutrino Seminar @ Fermilab

55



Analysis Results

2
‘Amee

sin®26,, = 0.082 = 0.009(stat.) = 0.006(syst.) + 0.010(total)

(Rate + Shape) new results

=2.627 55 (stat.) g5 (syst.) (x107eV?) 1 0.26 (total)

Rate Only sin’26,, =0.087=0.009(stat.) = 0.007(syst.) + 0.011(total)

10 % precision

12 % precision

arXiv:1511.05849.v2

= PRL 116, 211801 (2016)

6F ! Daya Bay /i — Rate+Spectrum =
R 4E -0~/ --Rate-only —
< 2 = Double Chooz =
_: ! I ' ' ' ' T | T T T T = TT T [T T T[T 1T 7T
C e Rate+Spectrum ]
—_ 3‘ + Rate-only ]
[} [ -
2 L 399.7%C.L. |
« C 9 95.5% C.L. ] o
=2.5¢ B 68.3% C.L. <
= 1 w
— - o]
o B r <
g 2r 4
<
.5 RENO 500 days §
B 1 1 1 1 I ' L 1 1 | 1 1 1 1 | 1 1 1 L | - | L1 | L1l | L
0 0.05 0.1 0.15 2 4 6

Sunny Seo (SNU)

+ 2
sin“26,,

Neutrino Semimxz@ Fermilab

PRD now in preparation and
will be submitted soon
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Projected Sensitivity of 6,; & |Am__2|

l
sin®26,, = 0.082 +0.011 |12%) | T = 0.005 | (6 %)

I
I
l l
2 0.24 -3 72 l I
Ame| = (2.62503) x10°eV* [(10%) | 0 = 0.15x10°eV2[#6%) |
I I
(~500 days) I (5 years of data) |
L= = = = = = = = = = = I
0-04:'"'I'"'I""I""I""I""I""l""l""l"':
0035  RENO Uncertainty Projection -
0.03 E—PRL(2012): 222 days —f
E G,,=0.019 =
«0.025 =
& = ¢ TAUP(2013): 403 days -
e 0.02 G yi=0.012 E
@) - ° ]
0-015:_ Current Result : 500 days  Expected -
- ® Ogy=0.007 Result ]
0.01:_ k - 1500 days?.
0.005F 0.y5;=0.005 H | (6 % precision)
-3 (sensitivity goal of 643)
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n-H IBD Analysis

Motivation:

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

—lmo oo sooa oafC 2R e 76
1.5
D
. 60
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y—catcher|
) |{\

@ T

\ “Target: ©|* \ w 9 40
N Veto (Gd-LS) . | B8

| (Water) - -0.5 30
P ® a -1

1 20

vt v v by v by b B By e b b 1y 0

o o5 1 15 2 25 3 35 4
p? [m]
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Features of n-H Events

Events / 4usec

Y
o
w

Delayed sighal peak:
~ 2.2 MeV

Mean coincidence time:
~ 200 us
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0,; Measurement with n-H e P

Data set: 2011/08 ~ 2013:01 (~500 days)

Preliminary rate only analysis results is
sin®20,, = 0.086 +0.012(stat.) = 0.015(syst.)

B A 800 Fast neutron
600 B Accidental
10000 ‘LifH
> WL
< T2 3456738
Prompt Ener
Z 5000 . =
=
L
>
83
‘zJ 0.2
= 0.1
O O_
= U3
0.1
3
) 1
p—

Sunny Seo (SNU) Pl'OITlpt Energy (MCV)

(Data - MC) / MC

:
I

Events / 0.2 MeV

o

Uncertainty

0.59%

Thermal power 0.5%

Isotope fraction 0.7 %
Background Il:lear O'ZZA
ar :0.8%

S

Fast neutron
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B LifHe

123456738
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1
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Light Sterile Neutrino Search Results

« All 500 days of RENO data Paper in preparation
N"\ I IIIIII| T T I':IIIII| , T TTTT
- Consistent with standard 3-flavor 2 01 a
neutrino oscillation model ~z F .
S - ]
. L < T Bugey
» Able to set stringent limits in - S ] g Y-
the region)i( 3172 < Amil <0.1ev? | T T
102 =
g L L L L I L L HL L : RENO ]
z 1‘2__ ~ Data 33V bestfit | - 1
= - ]
g L1~ — N i
R ST
g 1 e et — 100 E
gt i —— g - 7
209 - ] - RENO 95% C.L. (Fixed sin’20,.) ]
:g() 8__ . Amil — 5X10-2 6V2 L Amil — SXIO-S eV2 __ : — RENO 95% C.L. (Varying sin22613) :
Z . . N T T R kb Bugey 90% C.L. (40m/15m)
§ l 2 3 4 5 6 7 8 10—4 1 I I I I | | | | I | | | L1 1111

Prompt Energy (MeV) 1073 1072 10" 1
. 2

.2 sin“20,,

full curves assumessin“26,, =0.1




Determination of normalization factor, R

R (data/prediction) = 0.946 +- 0.021 (500 days)

*The flux prediction is with Huber + Mueller model
*Flux weighted baseline at near : 411 m

Comparison with other experiments

g 1.2 LI B L LA | T T T — 1 T 1 1] T T T LI B B B |
2 | Preliminary RENO ]
O
= b s ||
% l" $ J . l [
g F ‘, R i
B —e— Other experiments Daya Bay
0.8— —s— RENO —
B —— Global average .
= [_] Experiments Unc. -
n (] Model Unc. -
0.6————— ' e ] ' |l
10 10? 10’

Distance (m)
*Prediction is corrected for three flavor neutrino oscillation 62



= New measurement of 8,5 by rate-only analysis

sin®20,, = 0.087 = 0.009(stat) = 0.007(syst)

= Observed an excess at 5 MeV in reactor neutrino spectrum

= QObservation of energy dependent disappearance of reactor
neutrinos and our first measurement of Am__?

2
Am;,

=2.62 fg;; (stat.)ﬁg'ﬁ (syst.) (x107°eV?) 4 0.26(total) | 10 % precision

sin22013 =(0.082 +0.009(stat.) £ 0.006(syst.) =+ 0.010(total)| 12 % precision

= RENO: sin(20,5) to 6% accuracy
Am_.2 to 0.15x10 eV? (6%) for final sensitivity




Overview of RENO-50

= RENO-50 : An underground detector consisting of 18 kton ultra-
low-radioactivity liquid scintillator & 15,000 20" PMTs, at 50 km away

from the Hanbit(Yonggwang) nuclear power plant

» Goals : - Determination of neutrino mass ordering
- High-precision measurement of 6,,, Am?2,, and Am?_, -
Supernova neutrinos, Geo neutrinos, Sterile neutrino search, ....

= Budget : $ 100M for 6 year construction
(Civil engineering: $ 15M, Detector: $ 85M)

= Schedule : 2016 ~ 2021 : Facility and detector construction
2022 ~ . Operation and experiment




Various Physics with RENO-50

» Determination of neutrino mass ordering
- 3o sensitivity with 10 years of data

» Precise (~0.5%) measurement of 6,,, Am?,, and Am?_,
- An interesting test for unitarity & essential for the future discoveries

* Neutrino burst from a Supernova in our Galaxy
- ~5,600 events (@8 kpc)
- Study the core collapsing mechanism with neutrino cooling

= Geo-neutrinos : ~ 1,500 geo-neutrinos for 5 years
- Study the heat generation mechanism inside the Earth

= Solar neutrinos
- MSW effect on neutrino oscillation

= Sterile neutrino search : reactor / radioactive sources / IsoDAR

= Detection of J-PARC beam : ~200 events/year
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18 kton LS Detector
~47 km from YG reactors

Mt. Guemseong (450 m)
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Courtesy by Yoshitaro Takaesu
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RENO-50 Candidate Site

Mt. GuemSeong
Altitude : 450 m

2 : Wi
n//// N

Dongshln Unjvv

\L. &

- & = g 5
Imagery’ Date: 1/30/2013 358 03'00 31"N, 126 09.85 E elev 236 m. eyealt 4139 km Q




Geological Survey for
Underground Facility

m Geological survey for design of
tunnel and experimental hall
B Cost estimation to be obtained

soon

Conceptual Design of
RENO-50 Detector
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RENO-50 R&D Status in Progress

(1) Development of DAQ electronics is on-going.
(2) Develop techniques of LS purification is on-going.

(3) Mechanical design of detector is on-going.

(4) Measurement of radioactivity for detector material is on-going.

(5) Upgrade of measurement device for absolute LS attenuation
length is on-going.

Current status
Punmsung JIRVPI 2 V- PR (]

= An R&D funding (US $2M for 3 years of 2015-2017) is given by the
Samsung Science & Technology Foundation.

= Efforts on obtaining a full construction fund are on-going.
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Summary of RENO/RENO-50

= \Various measurements done

= Update on 6,5 value

= 5 MeV excess with reactor thermal power

= First measurement of Am__2

= Absolute antineutrino flux measurement

= Independent measurement of 0,5 with n-H

» Sterile neutrinos search

= RENO will continue data-taking for next 3 more years, reaching its
sensitivity limit, in order to obtain a precise measurement of 6,

= RENO-50: various R&D in progress



Backup slides



Uranium ore e U-235:0.72%

ﬁSSile; Natural uranium

=>0029% U-238
0.72% U-235

most widely used
fuel in reactors

Low-ennchad umnium

e U-238: 99.27 % S
fertile;
breeding Pu-239

Highly @nnriched uranium

tespons gric
“Fstonisoopes | Crtcalmass |
U-233 16 kg manufactured
U-235 54 kg natural
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Breakdown of fission energy

MeV
Kinetic energy of fission fragments 165 +/- 5
Instantaneous gamma rays 7 +/= 1
Kinetic energy of neutrons 5 +/=- 0.5
Beta particles from product decay 7 +/=- 1
Camma rays from product decay 6 +/- 1

Neutrinos from product decay 10
TOTAL 200 +/- 6
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sm? (1072 eVv?)

Sunny Seo (SNU)

How Does Daya Bay Define Am% . ?

sin? Agg = c¢i,sin? Ay + s2,sin? Az

4F

= Amj, = (—) arcsin [\/(cfz sin® Ag) + 82, sin” Agy)

L

dm? definitions

Maladies:

2,55 L I L I 1] l T I LR I L t LA |
[ NO: 87,031 - e L/E dependent
- STV
2.50 | e no simple physical meaning !
- ém3,=2.48 T
- 6m?, e Discontinuous at Osc. Max./Min.
248~ s e ) = (L/E ~ 0.5, 1.0, .. km/MeV)
- - 3% jump
- ‘ -
2.40 [ 20 ] Why???
i mf“m o'cfu“ ] RHS (1) never gets exactly to 1,
'<——experimentai data— — : or back to 0
2 36 L 1 1 I 1.1 1 | 1 l: 1 I L1 1 I L1 1 Flml‘l Whereas LHS does !

0.0 0.2 0.4 0.6 0.8 1.0
L/E (km/MeV)

Stephen Parke, Fermilab

1.2 egsin®(ZFe)=1-¢+O(e")

with € = 812¢12409;
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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
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Observation of an excess at 5 MeV

1400 days of data (Aug. 2011 — Sep 2015)

Fast neutron

...............
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Correlation of 5 MeV Excess with Reactor Power

»s RENO Preliminary 1400 days of data
I I I l I I | l I | I I I | I I I I “‘P'
| Near | 5 MeV excess
S + $." — has a clear
PO ] correlation
S + \ - with reactor
% L | two or three All the six . thermal power !
2 qlLreactors are off + + reactors are on |_
D)
> | B _
T
= 5 - _
Vo) e _ :
. 1 1 | | A new reactor neutrino
% 200 400 600 800 component !!

IBD rate from thermal power (/day)

** 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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What is Nuclear Fission ?
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