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Reactor neutrino experiments
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Motivation — anomalies
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Gallex/SAGE
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NEOS Sensitivity to 3+1v oscillation

P(Ve — Ve) ~ 1 —sin2644sin? (1.27

AmAL

eV - m

E,

)

MeV

Data / MC (3v)
:)
N
1=
——

*illustration

1.8 Antineutrino energy (MeV)

10
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Single detector experiment:
- a decent model spectrum,
- detector simulation
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Experimental site

- Hanbit-5 reactor in Yeonggwang (£J¢, ghost illumination), Korea

» Distance between neighboring reactor cores: 256 m
- Same reactor complex being used for the RENO experiment

Yoomin Oh / NEOS ICHEP 2018 @ Seoul



Hanbit-5 reactor and tendon gallery

D Fresh FA D Once-Bumed FA - Twice-Burned FA

AR EEEEE =

Detector

cNFaNCe / [EXI 0.8 | | | | L Uss |

0.7F —— U238 1

e OPR-1000, Thermal power: 2.8 GW oel — o -
* Active core size: ® 3.1 m, H3.8 m é 0.5\—
e 177 fuel rods, 1/3 changes after a cycle "g 041 |
e LEU fuel: ~4.x% U-235 enrichment : °‘3/“
* Detector-core distance: 23.7 m zi

e Overburden > 20 m.w.e. 0.00—2500 5000 7500 10000 12500 15000 17500
Burnup (MWd/MTU)
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Detector design & construction

overflow buffer

* Simple / compact / homogeneous.
- efficiency, energy resolution.

meon e 1000L of 0.5% Gd loaded LS.
e 2x 19 8-inch PMTs.
* No y-catcher buffer layer.
e LAB:UG-F =9:1 for PSD.
e Source calibration through chimney.
* FADC 500 MS/s for waveform

Ve target

muon
counter

Pb 10 cm

B-PE 10 cm

analysis

D overflow buffer
PMT/reflector
" PTEE supporting rods

chimney reflector
M-metal
PMMA
window

Hamamatsu

u-metal PMT buffer R5912 plate
barrel

PTFE reflector
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Reconstructed Energy [MeV]
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Prompt energy spectrum
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* 1976 IBD candidates/day (on),
85 /day (off); S/IN~23.

* Negligible background change
between on-off periods.

e Spectral anomaly observed
(vs Huber-Mueller normalization).

e Small structural fluctuations.

* Reference spectra generated using
detector response matrix,
- energy escape due to detector size
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Active-to-sterile oscillation

c\; —>76
» Normalized with the Daya Bay shape = = |
&
e Best fits at: < 72
(1.73 eV2, 0.05), (1.30 eV2, 0.04) L
with X2(3v)-x2(4v) = 6.5, | R
p-value = (0.22 Mension (2011) 95% || | __
. g Kopp (2013) 95% :
e Not a definitive answer for 3+1v Gariazzo (2016) 20 |64
oscillation or fine structures in reactor | =
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Recent Issues

F.).'i.')
0.63 0.60 0.57 0.54 0.51
1.2 qr T 1T T 1 LA I L O B O L — 6.05 - T
N . c ~ .
. o pel S 6.00 8-
B ¢¢ ¢ BND & 5051 _
1.1 E or iy’ _: NE 590 Frmmmmmm e e e L -
] ] S 5.85 |
1.05 | T 5.80F
O L g7 XX, S —— Bestfit  --- Model (Rescaled)| ~*
E C s N - SHEN Average ¢ DayaBay
g g 2 = £ 5.70 . 1 . - r
8 - y M _+__+_ 024 0.26 0.28 0.30 0.32 0.34 0.36
0.95 - LT + Fi3g
0.9 o rrrrrT rrTTTrT reTTrT rrrrrT AL L revTT
- — 10
0 85 - 4 — D | T laaeeeeeeen
. — H 30 .
- Mention (2017) 3 ;
0.8 C L1 | | | - | 1 | 1 1 I | 1 | | 1 | |

L
1 2 3 4 5 6

E in MeV
vls

4.5

3.5

O30 [107*% cm?/ fission]
4.0

3.0
T

H— Reactor Rates

N ¢
" Ly » ]
B Giunti (2017) |
H Saclay+Huber B
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr [ FTSTTREET] P T ERNT] FEYTETRNRY SRTTTRNRT] FATITTIN,

2.5

54 56 58 60 62 64 66 68 70 7.2
Grass [107* cm?/ fission]

“... Sterile neutrino
models fail to
simultaneously
account for all

the ve = Ve data,

the v, = ve data and
the v, = v, data.
This conclusion is
robust;”

Maltoni @ v2018

+ fine structures in the flux spectrum > requires high resolution detector?
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NEOS phase-ll measurement

wn

(-

o

et

(@]

©

Y

C 0.4}

RS

9 0.3F
0.2y _— Daya Bay / .
01l RENO |
O c) | | | | | | |
0 2500 5000 7500 10000 12500 15000 17500

Burnup (MWd/MTU)

25000

20000

15000

Counts

10000

5000

Fake data | e

: Fake data |
—— periodl 250k 4 U235 |
period2 - Pu239
—— period3 | - -+ ‘
—— period4 200}
—— period5 -
—— OFF l —+-
2
c 150 -
]
i
L o -
100¢
-
—o—
501 —a—
—
—
8 10 1 2 3 4 5 6 7

2 4

Prompt energy [MeV]

Yoomin Oh / NEOS

6

Prompt energy [MeV]

e Starts in September 2018:

- one full burnup cycle (~500 days),
plus two maintenance (off) periods

(>100 days, contributions from
spent fuels?)

- expecting ~1 M IBD events.

- same reactor, same detector.

e Spectrum evolution with fuel
component changes.
- from a single LEU core,
- absolute spectrum measurement,
- decomposing spectra for different
elements.

ICHEP 2018 @ Seoul
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Detector refurbishment and preparation

* To make more stable detector for longer data taking.
* Producing fresh Gd-LS and its QC.
e Upgrading slow control/monitoring system - temperature / PMT gain.

 MC simulation upgrade, e.g. GEANT4 versions, n-Gd data.

Yoomin Oh / NEOS ICHEP 2018 @ Seoul
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Summary

e |IBD prompt energy spectral shape has been successfully
measured, using 2.8 GWt commercial reactor at 24 m
distance.

e No strong sign of active-to-sterile neutrino oscillation for
Am2~1 eV2, sin:26 ~ 0.1.

e Similar spectral anomaly observed as mid-baseline
experiments.

e Measurement will be resumed soon to see the evolution of
the reactor neutrino flux/spectrum according to the fuel
component changes.

Thank you.
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B1. Recent limits
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