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Time Table

HANARO NEOS

Project starts 2012 Jul - HANARO is a research reactor in KAERI (Korea Atomic Energy 
Research Institute)

- “HANARO” and “SBL” were used for our experiment. 
- In October 2014, “NEOS” was confirmed as official title of 

experiment and collaboration. 

Prototype Detector
Construction

2013 Dec

Prototype Data taking until 2014 Mar

Plan with HANARO CANCELLED 2014 Dec - Plan with Hanbit-5 and KJRR (Kijang Research Reactor )

2015 May - Target Assembly - Dry run

2015 Jun - LS/ MO ready - Muon Veto

2015 Jul
- Moving from KAERI to HANBIT (13)

- Installation on site (14~17)

2015 Aug - Data w/ reactor off: Overhaul of Reactor 5 (Aug 10 ~ Sep 25)

2015 Sep - Data w/ reactor on: Hanbit-5 starts cycle 11 at ‘15.09.25 23:30

2016 Mar - Closure of DAQ (expected) 
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Center of Underground Physics

• Institute of Basic Science 

• Director 
Kim, Youngduk

• Established in July 1, 2013

• Location
– Main Office: IBS Center in Daejeon

– Lab at KT1 Center in Daejeon

– Lab at Y2L, Yangyang, Gangwon-do

– Underground facility in Samcheok ?

• http://cupweb.ibs.re.kr
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CUP Kickoff Meeting at KT1 research building, 
in Daejeon , July 2013

http://cupweb.ibs.re.kr/


Center of Underground Physics
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AMoRE
(Advanced Mo-based Rare process Experiment)

KIMS-NaI

(Korea Invisible Matter Search, cf., KIMS-CsI)

NEOS

(Neutrino Experiment for Oscillation of Sterile neutrino)



Center of Underground Physics
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Workshop on Particle Astrophysics 
in Samcheok, Jan 2014

Y2L, Yangyang

CUP, Daejeon 

Samcheok

Seoul



How deep underground?

Center of Underground Physics
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Minimum depth : 700 m 
Access to the lab by car (~2km)

(Upper Dam)

(Lower Dam)

(Power Plant)

Yangyang Underground Laboratory

700 m

Korea Middleland Power Co.

Yangyang Pumped Storage Power Plant

From 
H. S. Lee ‘s slide
for AMoRE
Collaboration
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두타산정상

진입도로예상노선

: 도로길이 : ~1.47 km

A 노선(안)

B 노선(안)

C 노선(안)

미로면고천리큰골

미로면고천리대방골

미로면삼거리구룡골

15m

40m

20m
80m

Doota Mt.

Samcheok
Astro-particle 
Research Center?

From 
Stephen Lars Olsen’s slide
at AMoRE Collaboration

Plan  A 
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Reactor Antineutrino Oscillation

In 3 neutrino oscillation

Far-to-near ration indicates the 
slope of oscillation

Multi-detection experiments
RENO 

Daya Bay 
Double Chooz

Successfully measured the angle 
theta13.
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RENO



RENO

Contribution of each reactor to neutrirno flux
at Far and Near Detector

RENO
Slide presented 

by J.C. Park at CUP
07-02-2015



RENORENO
Slide presented 

by J.C. Park at CUP
07-02-2015



RENO (presented at NDR 2015, WIN2015)



RENO (presented at NDR 2015, WIN2015)



A brief history of 13 from 
reactor experiments:

Taken from slides by 
Wei Wang @ ICHEP 2014

Reactor Antineutrino Oscillation



Reactor Antineutrino Anomaly

• Modification of observed-to- expected ratio based on old & new spectra.

• Neutron life time: 885.7s (PDG2012)

• Mention et al., PRD83 (2011),

Mention et al, 2011

Reactor Antineutrino Anomaly



Reactor Antineutrino Anomaly
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• The change in expected rate is from the increase in IBD cross 
section and off-equilibrium nuclei. Mueller et al., PRC83 
(2011), Kopp et al., JHEP 05 (2013)

• The sum of probability of three neutrinos is less than one?
By P. Vogel, 2011



Reactor Antineutrino Anomaly

Which is your stance?

con The flux measurements of previous experiments were biased to satisfy the prediction in those days.

con There are uncertainties in the beta-to-neutrino spectrum conversion.

pro It is due to the deficit resulted from sterile neutrino oscillation with large mass.

? None of the above.

Reactor Antineutrino Anomaly

Which is your strategy? 

Answer 1 Short-baseline neutrino oscillation to check the deficit of absolute flux.

Answer 2 Multi-detector for a single reactor to check sterile neutrino oscillation.

Answer 3 Comparison of different fuel composition. HEU vs. LEU

Answer 4 Complementary study with excessive appearance as in LSND and MiniBooNE
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RENO

Reactor Antineutrino 5 MeV Excess



Reactor Antineutrino 5 MeV Excess
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• Ways to understand the bump (or 
shoulder) :
(1) Uncertainties in forbidden transitions 

and conversion of beta spectrum. 
>> Nuclear calculation

(2) Enhanced phase of fourth neutrino oscillation 
>> Short baseline oscillation experiment

• Known corrections to beta spectrum caused 
the neutrino spectrum anomaly. 

• If all forbidden transitions are treated as 
allowed GT, the corrections indicate the 
anomaly deficit.

• 30% of the transitions are forbidden.

A. Hayes at WIN2015



Reactor Antineutrino 5 MeV Excess

• Different nuclear databases do not agree 
on the origin of 5-MeV excess >> The 
uncertainties in databases should be 
propagated significantly.

• Suggestion: 
– HEU-fuel reactor has the advantage such that 

antineutrino flux is originated from a single 
isotope.

– If U(238) or Pu(239) has a significant role in the 
5-MeV excess or the anomaly deficit, the  
comparison of measurement of LEU will be 
necessary. >> OSIRIS or NEOS Kijang(20% 235) 
in comparison with RENO, Daya Bay, Double 
Chooz and NEOS Hanbit. 
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Dwyer & Langford, PRL 114 (2015)A. Hayes at WIN2015



Sterile Neutrino Search
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LSND MiniBooNE

- Reactor antineutrino anomaly        >>   Deficit in disappearance probability
- LSND and MiniBooNE >>   Excess in appearance probability



Nucifer

Stereo
NEOS(Hanbit)

Daya Bay

NEOS(Kijang)

Sterile Neutrino Search

NEOS Hanbit NEOS Kijang Nucifer Stereo DANSS PROSPECT

Power 2.8GW 15 MW 56MW 100MW 2.7 GW 185MW

Baseline 25m 5 ~ 7m 7m 9 ~ 11m 9.7 ~ 12m 7 ~ 11m

Fuel LEU(U235 5%) LEU(U235 20%) HEU HEU LEU HEU
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− ΔM41 = 0 eV2

− ΔM41 = 1 eV2

− ΔM41 = 0.2 eV2

- # of events for 6 months will be 
about 180,000 at NEOS Hanbit.

- The character of anomalous deficit 
at baseline O(10m)~O(100m) will 
be understood with the 
observation at NEOS Hanbit.  



4 oscillation at L=25m
m41

2 = 1.0 eV2

m41
2 = 0.2 eV2

4 oscillation at L=10m
m41

2 = 1.0 eV2

m41
2 = 0.2 eV2

Sterile Neutrino Search
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4 oscillation at L=5m
m41

2 = 1.0 eV2

m41
2 = 0.2 eV2

Y [w/o osc] – Y [w/ osc]
4 oscillation at L = 25m
m41

2 = 1.0 eV2

Y [w/o osc] – Y [w/ osc]
4 oscillation at L = 5m
m41

2 = 1.0 eV2

Y [w/o osc] – Y [w/ osc]
4 oscillation at L = 10m
m41

2 = 1.0 eV2

C.H. Jang @CAU



Sterile Neutrino Search
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MC 180 000 events 
4 oscillation at L=25m
m41

2 = 1.0 eV2                

MC 180 000 events
4 oscillation at L=25m
m41

2 = 0.2 eV2

Sterile Neutrino Search

C.H. Jang @CAU
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HANARO and KIJANG

candidate baseline
thermal 

power

# of ibd event / 

day
overburden remarks

signal to 

bkgd

HANARO 6m 30MW ~250 - cancelled 0.3

KIJANG 5m 15MW ~180 ~23 m.w.e. 1

HANBIT 25m 2.7GW ~1,200 16~23 m.w.e. 5

90% CL.90% CL.

500L 1000L

Detector Sensitivities



Hanbit-5

• The name was changed from 
Younggwang NPP to Hanbit NPP

• 靈光 : ghost signal

• Unit: Hanbit -5 
994MWe, 2825MWt
Operation started on 21 May, 2002 
(from PRIS database, IAEA)
Owner: Korea Hydro and Nuclear 
Power Co.

Overhaul schedule: (cycle # 11)
10 August ~ 25 September,  2015
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Reactor Neutrino Spectrum 

Hanbit-5
Cycle 8

Hanbit-5
Cycle 9

From RENO



Tendon Gallery in Hanbit-5

• 25-m distance from reactor core

• 10-m concrete overburden

• Expected signal / background >~ 5

• Expected number of e event is about 100 /day /ton LS
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• Dimension

– Fuel vessel in core
r = 1.56 m
h = 3.81 m

– Detector
r = 0.52 m
h = 1.2 m



Background in Tendon Gallery
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• Performance 
comparison in
KT1 vs. Hanbit-5

• Triggered rate:
78Hz vs. 90Hz

• Neutron rate:
.025 vs. below .001Hz

KT 1 lab under 
sandwich panel roof
Daejeon

Hanbit-4 
Younggwang
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Slide presented 
by Y. Oh at WIN2015



Detector Construction

Design Check Point

Large enough to collect neutrino events 
efficiently? 

√

Small enough to fit in a limited space in a tendon 
gallery? (width 3m * height 4m) 

√

To minimize the loss of scintillation photons
- Phototube configuration
- Reflecting material (Teflon sheet)

√

Radioactive source calibration √

Active/Passive shielding from m, g, n… √
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Detector
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Detector Assembly
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Slide presented 
by Y. Oh at WIN2015



Detector Construction



Side presented by Y. Oh 
@ADFD 2015, Taiwan 



Liquid Scintillator

Safeguards

Nonproliferation

Is there anything to say?
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Slide presented 
by Y. Oh at WIN2015



Liquid Scintillator
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Slide presented 
by Y. Oh at WIN2015



DAQ

40 (8*5) channels  for 38 PMTs in the main detector

- 500 MHz FADC for waveform analysis (PSD)

Trigger Board

- Multiplicity trigger
- Synchronization control

30 channels for muon veto

- 64 MHz slow ADC only for veto purpose

Estimated data size: about 600 Gbytes / day /kHz
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Timetable

HANARO NEOS

Project starts 2012 Jul

Prototype Detector 
Construction

2013 Dec

Data taking until 2014 Mar

Plan with HANARO CANCELLED 2014 Dec - Plan with Hanbit-5   >>   Kijang

Loading   √
Moving   √
Unpacking  (in process)
Deployment

2015 May - Target Assembly - Dry run

2015 Jun - LS/ MO ready - Muon Veto

2015 Jul
- Moving from KAERI to HANBIT (13)

- Installation on site (14~17)

2015 Aug - Data w/ reactor off: Overhaul of Reactor 5 (Aug 10 ~ Sep 25)

2015 Sep - Data w/ reactor on: Hanbit-5 cycle 10 starts at ‘15.09.25 23:30

2016 Mar - Closure of DAQ (expected) 
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Prospect 

- Earliest measurement of short-baseline oscillation is expected.

- Anomaly shown in old reactor experiments will be clearly tested.

- Mass range of 4th neutrino can be directly or indirectly  indicated.

- Soon, NEOS will bring a news with data.

- Thank you  very much for your interests in NEOS.
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Reactor Neutrino Spectrum 

Hanbit-5
Cycle 8

Hanbit-5
Cycle 9

U235     blue
U238     red
Pu239   green
Pu241   purple




