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Motivation:
Sterile Neutrino Search
Reactor Antineutrino 5-MeV Excess

STATUS:
Hanbit Reactor

Prototype Detector
Detector Construction



NEQOS Collaboration

Affiliation (7) Members (20)
"I Chonnam Nat’l Univ. Joo, K., Kim, B. R.
) Chung-Ang University Ko, Y., Siyeon, K.
Institute for Basic Science Jeon, E. J., Kim, Y.(*), Lee, J., Lee, J. Y., Lee, M. H., Oh, Y.(*), Park, H.K., Park, K. S.
Korea Atomic Energy Res. Inst. Han, B., Sun, K. M.
Korea Res. Inst. of Standards & Sciences Park, H.
Kyungpook Nat’l University Kim, H., Lee, J.,
Sejong University Kim, H. S., Kim, J., Ma, K.
Changhwan (CAU) and Kyungmin (CNU)
(*) Director of CUP : Kim, Youngduk
(*) Contact : Oh, Yoomin (ohyoumean@ibs.re.kr, ohyoumean@gmail,com )

o .
j|,S ZIEnaRY KRISS
Institute for Basic Science KAER! oSt g ZFAreri gl

Rires Beseend bastrice of Slasdacty dod Sogeus

7/14/2015 NEOS



mailto:ohyoumean@ibs.re.kr

Time Table

HANARO NEOS
Project starts 2012 Jul HANARO is a research reactor in KAERI (Korea Atomic Energy
Prototype Detector 2013 Dec sesearch I}?St'tu:ﬁe) , _
Construction HANARO” and “SBL” were used fqr our experl.m_ent..
: : In October 2014, “NEOS” was confirmed as official title of
Prototype Data taking until 2014 Mar experiment and collaboration.
Plan with HANARO CANCELLED 2014 Dec Plan with Hanbit-5 and KJRR (Kijang Research Reactor )
2015 May Target Assembly - Dryrun
2015 Jun LS/ MO ready - Muon Veto
Moving from KAERI to HANBIT (13)
2015 Jul
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)




Center of Underground Physics
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CUP Kickoff Meeting at KT1 research building,
in Daejeon, July 2013
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NEOS

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



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

Center of Underground Physics

AMOoRE
(Advanced Mo-based Rare process Experiment)

KIMS-Nal
(Korea Invisible Matter Search, cf., KIMS-Csl)

KIMS Collaboration Dark Matter Group Mew Detector Team
NEOS
AMoRE Collaboration Double Beta Decay Group Simulation Team
(Neutrino Experiment for Oscillation of Sterile neutrino)
Adjunct Group Low Temp. Detector Group SBL Team

Detector Development

AC_|
Group KIMS-Nal Team

Underground Lab
Preparation Team

7/14/2015 NEOS



Center of Underground Physics
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Samcheok
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Workshop on Particle Astrophysics

in Samcheok, Jan 2014
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How deep underground?
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From Yan gyang Underground Laboratory

H.S. Lee ‘s slide
for AMoRE ; = ér BoTy
Collaboration |F% "W .,

?apd Power Co.
ed Storage Power Plant

Minimum depth: 700 m
Access to the /I,a,b by car (~2km)




From
Stephen Lars Olsen’s slide
at AMoRE Collaboration
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Samcheok

Astro-particle B124:2000m? - ﬂﬂﬁq&:ﬂ;_
Research Center? [Rjaiaiiitls : E2Z0] : ~1.47 km



Motivation:

Reactor Antineutrino Anomaly

Reactor Antineutrino 5-MeV Excess

Sterile Neutrino Search

STATUS:
Hanbit Reactor

Prototype Detector
Detector Construction
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Reactor Antineutrino Oscillation

Ve

g
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In 3 neutrino oscillation " 9 —
e
"+ Near Detector Far Detector
Far-to-near ration indicates the ) D D
slope of oscillation 1.0 “4-~\\\\\\\\\\\\\‘§~§~ 4
w N2
= SIN“2044
Multi-detection experiments 2 —
RENO S ‘
127A0G L) (127731
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=9 E E R
Double Chooz Distance 1200 to 1800
Successfully measured the angle meters

thetal3.

7/14/2015 NEOS 13



RENO
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RENO

Slide presented

by J.C. Park at CUP

07-02-2015

= Fuel burn-up evolution (typical reactor)

£1.0
(=]
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» 0.8
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®0.6 |
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Fract

How many anti-electron neutrinos we have ?

TTTT

TT

b

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

[ —
p—p——t 0 | s o4 )

0

150 300 450
Days into Cycle

= Hanbit Neclear Power Plant

- Thermal Power : ~2.73 GW (x 6 reactors)

600

1 13.73 6.78
2 15.74 14.93
3 18.09 34.19
4 18.56 27.01
5 17.80 11.50
6 16.08 5.58

- Assumed Isotope Fraction : 55.6%(%*°U), 7.1%(%%€U), 32.6%(?*°Pu), 4.7%(**'Pu)
- Nuclear fission rate : 2.73x10° W/[energy released per fission (eV)]
= (2.73x10%(eV/s)/(1.6x10-19)/[205%x10%(eV)] = 8.3x10"9/s

- Anti-electron neutrino :

8.3x10'9/s x6 = 5x102%/s/reactor



RENO

Slide presented
by J.C. Park at CUP

07-02-2015

RENO consists of 4 different size cylinders
(symmetric & coaxial) for different purposes.

Wy
\

Inner Inher Innex Container Mass
Diameter | Height S Filled with
detector Material (ton)
(cm) (cm)
)
Target Gd (0.19
9 280 320 Acryl O4%) a5
vessel +LS
Gamma
400 440 Acryl LS 30.0
catcher
Stainl
Buffer tank 540 580 ANIeSS | Mineral oil | 64.4
steel
Veto tank 840 880 concrete Water 352.6

Buffer

(MO)

RENO Detector

= 354 10" ID PMTs :

13% surface coverage

.| =67 10" OD PMTs
.| = Both PMTs are

HAMAMATSU, R7081

" = Mu-metal shielding

for each PMT. (-5cm)

= No special reflector
for ID

| = Tyvek reflector at OD

- outer detector



RENO (presented at NDR 2015, WIN2015)

Measured Spectra of IBD Prompt Signal (NDM 2015)

RENO Preliminary
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Near Live time = 761.11 days Far Live time = 794.72 days
# of IBD candidate = 470,787 # of IBD candidate = 52,250
# of background = 26,375 (5.6 %) # of background = 6,292 (12.0 %)

Events / 0.25 MeV

Data / Prediction

(work in progress)
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RENO (presented at NDR 2015, WIN2015)

(work in progress) NDM 2015 sin®26,; = 0.088 + 0.011 (~800 days)
. 2
= 0. = 0. t) = 0. —
2 <
Am,~ =[2.52 = 0.19(stat) = 0.17(syst)] x10~ eV? * Expected precision of Am__: ~ 0.1x10-3 eV2
Uncertainties Uncertainties Errors of sin?28,; Error of |Am 2| 003
sources (%) ( fraction ) [x103eV?] & RENO Uncertainty Projection
Statistics (near) 0.21% bﬁg fe e
(far 0.54 % 0.008 e soaskGpu= 0078
Total Systematic (near) 0.94 % - | |
(far) 1.06 % 0.007 0. 17 0.020:— 2013.' 3 2013 9
Reactor 0.9% |0.0025 (34.2 %) : oors|- ® 2(')14 -
Detection efficiency 0.2% 0.0025 (34.2 %) - sarE ] —~ 2'015 =
Energy Scale Difference |  015% | 0.0015 (15.6%)|  0.07 : ' | (5 % precision)
' 0.005 [~ e £
Backgrounds (near) 0.14 % 0.0060 (82.2 %) 0.15 : (sensitivity goal of 63 )
(far) 0'51 % 7» O'DO%.G 0.5 10 15 20 25 3.0 35 40 45 5.0 18P

(* tentative) Years



Reactor Antineutrino Oscillation

A brief history of 013 from
reactor experiments:

Taken from slides by
Wei Wang @ ICHEP 2014

Best Fit + 5
= o | ——— ) :
68% C.L. T e s ] !
p— ¢ : . H :
= B ]
Accelerator S e b
Experiments* I = -~ T 13
Normal i I—-O—I
Hierarchy : : : :
Inverted peslll £
" Hierarchy T ' :
2 5 3] e M
*All results assuming: = P = ;
8cp = 0. = L o=
o 45 I
R - | :
eactor — r, S i :
Experiments** e e :
e Rate only i
O Rate+Spectral '—H
i : i
— n-Gd ™ : z 2 i/reac:tor on data only
-— n-H s P g — ¢ : 1
i : T A s 2 : :
**Number of days refers 2 ‘reactor on-+off datai |—g—
to far site live time i Lo = i ey A
i HeE : :
i kot : : :
I .
e
< ; : :
= f—o— '; s
- o~ ; : i : i
Sin"2013 | | @ | |
-0.05 0 005 01 015 0.2 025

KamLAND
MINOS 8.2x10% PoT

T2K 1.43x10* PoT
DC 97 Days

Daya Bay 49 Days
RENO 222 Days

T2K 3.01x10%* PoT
DC 228 Days

Daya Bay 139 Days
DC n-H Analysis
MINOS 13.9x10% PoT
RENO 403 Days

T2K 3.01x10%° PoT
DC RRM Analysis
T2K 6.57x10%° PoT
Daya Bay 190 Days
RENO 403 Days

Daya Bay 190 Days n-H
DC 469 Days

Daya Bay 563 Days

0.3

[1009.4771]
[1108.0015]
[1106.2822]
[1112.6353]
[1203.1669]
[1204.0626]
[ICHEP2012]
[1207.6632]
[1210.6327]
[1301.2948]
[1301.4581]
[NuTel2013]
[1304.0841]
[1305.2734]
[1311.4750]
[1310.6732)]
[TAUP2013]
[Moriond2014]
[Neutrino2014]

[Neutrino2014]




NOBSI(NEXP)pﬂed.new

Reactor Antineutrino Anomaly

Modification of observed-to- expected ratio based on old & new spectra.
Neutron life time: 885.7s (PDG2012)
. TTTTIV[I]]TTTTrTrTTI : l[TTYTITTTT]TITYITTTT]]Il
Mention et al., PRD83 (2011), - E
0 S 4 0938 "o
| oy iemors ek | ’ gy
il Mention et al, 2011 | " M < o
0.9 | Nucifer &% ‘7’ o
v—oscillation :
6., mixing angle IR
v—oscillation ? . ' :
0,4 mixing angle 04
i Double Chooz ) o 2
Goeagen-i ' 0.924
07 7 S i f o 0.891
Terra Incognita Reactor b o
4™ neutrino 277  Antineutrino 0 T 0.966
Anomaly i 0.673
arXiv:1101.2755 o
08 _,,_‘ -
Physics scenarios 5 t -
3 active v + 1 sterile v (new) ’g :
05| = = =3active v B aioy-374 ;
. JD‘”_“? ; = LIt = mlm P-Q-' : 0.943 202
LA o 0 i 1o o o b o b oo B oo Lo oo e L

Distance to Reactor (m)




Reactor Antineutrino Anomaly

History of neutron lifetime measurement. Rather recent result

differs from the previous ones by ~6.5 . There is a persistent 1'21_ TTTT | | T TTT1 vi | | | ] B
discrepancy between the bottle and beam measurements 115 — > " 4 s 1 —
1lOO_IIIIIIIII]IIIIIIIII[IIIIIIII!]IIIIIIIIIIIIIIIIIII- Present official 1_1‘».—_ Ses :;2:,;;: ég :é';g g :..‘E‘.;j g% Ef ; %T
C 1 average 880.1+-1.1 E”,53_ Yo —F_ o 8- 33k ? e
—~ 1050 | New measurement !; 1 S 1 -
2 - { (1309.2623) gives & I ‘IT'aF ' E
i 1 887.7+-1.2+-1.9. 24095 : ¢ :
O L il i s C - 3| @ i
= i 1 The discrepancy 2 o0.0— 3 'l_' X | I i) =
= 1000\ — persists. g I = 5 =il I _
2 - i 0.85— il - =
= - . o.8l— $222 -
8 i ] = £222 =
g 950? J:l:“} __ 0.75— 7 u.é;:f b T -==:=|. | —
é i HPH i : 10° - tRm:” 10°
- = [ - stance (0o Keactor (m
900? *T» i } I IZzzzza= ‘——: 885.7 +-0.8 previous average
i s €| 878+-0.8 Serebrov 2005
850 —I LUl lllllll L1l ||1l||ll| | lllllllll Illlllll 11 lll_ * The Change in eXpeCted rate iS from the increase in IBD Cross
1960 1970 1980 1990 2000 2010 section and off-equilibrium nuclei. Mueller et al., PRC83
By P. Vogel, 2011 (2011), Kopp et al., JHEP 05 (2013)

* The sum of probability of three neutrinos is less than one?
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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.

Which is your strategy?

Answer1l | Short-baseline neutrino oscillation to check the deficit of absolute flux.
Answer 2 Multi-detector for a single reactor to check sterile neutrino oscillation.
Answer3 | Comparison of different fuel composition. HEU vs. LEU

Answer 4

Complementary study with excessive appearance as in LSND and MiniBooNE




Reactor Antineutrino 5 MeV Excess

Observation of an excess at 5 MeV
RENO
e Near detector Far detector |
- Data -« Data
> - —MC —MC
=, 20000 2000
2
= 10000 1000
g o2 ~2.5% ~2. 5% o2
-~ - ’f B
G o1 Rl ++ H- —0.1
E I *0 - ++ ++-* Hé+ +++ T
L O s Gy e e S e P S Lt ;"“‘ """"""""""" -0
- - -
8 -0 =+ + 401
23 4 85 ¢ 7 I T TR S S S
Prompl Energy [MeV|] Prompt Energy [MeV|
7/14/20

Data / Predicted
0.25 MeV

Events / NV

(Data - MC) / MC

== Data (background sublracied)
------ No oscillation
[ Reactor ux uncertainty
] Total systematic uncortainty
~ Best fit: sin'29, | = 0,090
8t am’ « 0,00244 oV’

PR e - - - -4
4
DC-M (n-Gd) Preliminary :
Livetime: 467,90 days
1 2 3 4 5 7
Visible Energy (MeV)
20000

NEOS

Double-Chooz, Neutrino 2014

Entries / 250 keV

:

Data/Prediction

15000

10000 -

Daya Bay, ICHEP 2014

——e— Data
- - Huber+Mueler (hll unc)

Huber+Mueller (reac unc.)

= T IL:Vogal

- Measured spectrum
': is normalized to
= prediction for shape
“« Only comparison

3 10
Prompt Positron Energy (MeV)



Reactor Antineutrino 5 MeV Excess

* 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

A. Hayes at WIN2015

The antineutrino flux used in oscillations experiments is
from a conversion of the aggregate beta spectra from ILL

* Measurements at ILL of thermal fission

"
x
: beta spectra for 233U, 39Py, 241py
.0'8
8!319.
aie

* Converted to antineutrino spectra by

S, (counts MeV™ fiss™)

alty fitting to 30 end-point energies
.'.ll| .
" * Use Vogel et al. ENDF estimate for 22U
ey o 838y ~ 7-8% of fissions =>small error

f’ * All transitions were treated as allowed GT

" CILAF PR S INVE

Known corrections to beta spectrum caused
the neutrino spectrum anomaly.

O,.. = Radiative correction (used formalism of Sirlin)

n

[),S = Finite size correction to Fermi function]

Oy = Weak magnetism

)

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

| *+* Antineutrinos
Electrons

Mueller Antineutrino|
Musller Electron |

S~1[4, -1 3Zar
[ a= 2
2| 6M g, 2he

rum/Uncorrectad Spectrum

Bl
N
Corrected
%

2 : i ; : s 6
Kinetic Energy (MeV)

30% of the transitions are forbidden.




Reactor Antineutrino 5 MeV Excess

A.Hayes at WIN2015 | Dwyer & Langford, PRL 114 (2015) 4, [= &aww | . 10— =
* Different nuclear databases do not agree ;‘ . i S
on the origin of 5-MeV excess >> The e v |
uncertainties in databases should be '; | \ 4
propagated significantly. N S
e Suggestion: o et
— HEU-fuel reactor has the advantage such that il :Eu:{:,?-'ﬁ""““ R _ § M . _:T::Ci“:m
antineutrino flux is originated from a single N 2 e
isotope. £ : ™
— 1f U(238) or Pu(239) has a significant role in the Sm- - £ _ B e
5-MeV excess or the anomaly deficit, the } l jf . : 'T*t“j‘”‘ Y w
comparison of measurement of LEU will be .5” 2 ZB ;-,;'T:-.s ST daie *;x!;x{ g

8
Antineulrino Energy [MeV]

necessary. >> OSIRIS or NEOS Kijang(20% 235)

in comparison with RENO, Daya Bay, Double - enoe/s-viL1 predicts that it results froman . jer 3.1 1 does not predict a bump for 25U or 23%u

. analogous shoulder in the ILL 233U f spectrum
Chooz and NEOS Hanbit. ¢ ) P sp - Agrees with Schreckenbach for both these nuclei
-Also predicts a large bump for 232U

- But predicts a significant bump for 238U
7/14/2015 NEOS 25



Sterile Neutrino Search

- Reactor antineutrino anomaly >> Deficit in disappearance probability

- LSND and MiniBooNE >> Excess in appearance probability
LSND MiniBooNE
w
§ 17.5 | ® Beam Excess
uél 15 B8 pr, v, e')n
3 B3 piv.e')n
@ 125

S other

8in’2000.004, Am’=1 0oV’
8in'200.03, Am‘=0.3eV’

1
1

—

1

0.4 06 08 1 1.2 1.4

14 15 3.0

GeV
L/E, (meters/MeV) E™ (GeV)

7/14/2015 NEOS



Sterile Neutrino Search

1.05

1.00

0.95

0.90

0.85

0.80

0.75

0.70

E i i ] [ i g
— T \'\,\ Pt N
- \\// L] ¢ '%TL [
— _ 2 LA P t \I\E
e AMyq = 0 eV Daya Bay

= 5 b i : . =
- - AMyg1 = 1eV P ' -]
= —  AMgy.=0.2eV? | =
- N:ucif:er -
- NEOS(Kijang): NEOS(Hanbit) -
— | | [ A | L [ B 1

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

- The character of anomalous deficit
at baseline O(10m)~0(100m) will
be understood with the
observation at NEOS Hanbit.

-
<

10

10°

—_
=]
w

NEOS Hanbit NEOS Kijang Nucifer Stereo DANSS PROSPECT
Power 2.8GW 15 MW 56 MW 100MW 2.7 GW 185MW
Baseline 25m 5~7m /m 9~11m 9.7~ 12m 7~ 11m
Fuel LEU(U?3>5%) | LEU(U?3> 20%) HEU HEU LEU HEU




Sterile Neutrino Search

C.H. Jang @CAU
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j "l:;';::(;'::";‘:"""; B = Am.? =1.0 eV? 3 E Ama?=1.0eV E Ama2 = 1.0 eV2
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The Number of Entries /(0.25MeV)

ratio

7/14/2015
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C.H. Jang @CAU
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Motivation:
Sterile Neutrino Search
Reactor Antineutrino 5-MeV Excess

STATUS:
Hanbit Reactor

Prototype Detector
Detector Construction
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HANARO and KIJANG

e e baseline thermal | # of ibd event/ overburden remarks signal to
power day bkgd

HANARO 30MW ~250 cancelled
KIJANG 5m 15MW ~180 ~23 m.w.e. 1
HANBIT 25m 2.7GW ~1,200 16~23 m.w.e. 5

Detector Sensitivities

Ve— T T = We—r—

Delta m"2
Delta m"2

90% CL. 90% CL.

sin*2{2theta) sin"2(2theta)




Hanbit-5

* The name was changed from
Younggwang NPP to Hanbit NPP

e %20 : ghost signal

¢ Hanbit:Nuclear
Power Plant

* Unit: Hanbit -5 ' ~C _"deteao',:;"" *
994MWe, 2825MWt W X
Operation started on 21 May, 2002 ' At e
(from PRIS database, IAEA)
Owner: Korea Hydro and Nuclear

Power Co.
Overhaul schedule: (cycle # 11) 30 M <0.2 off during 2015
10 August ~ 25 September, 2015 m 5 I5 M ~23 S |? After 2017

25 28G 15~30 5 Commercia
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Reactor Neutrino Spectrum

0 100 200 300 100
0.8~ v v v 0.8
Hanbit-5
Cycle 8 108 \ 06 :
£ L. Observed Daily Averaged IBD Rate From RENO
E 0.4) - ——
_Z _______---———"""— o /;}000 N ———— Expected with no oscillation
bt 1. 02 3 N ——— Expected with oscillation (best fit)
— = o
05 100 70 5o w0 < S00—
Time [Days] D | — ——e | | . .
@ | Near Detector preliminary
Ha n b|t'5 0 100 200 300 100 B L L L I I
0.8~ v v v 0.8 B
Cycle 9 e | 100
0.6 = \ 0.6 =
% 50 :_I & R
Ch I - e - Far Detector
[ S fa 0.2 2011 Aug 2012 Jan 2012 July 2013 Jan 2013 July 2014 Jan
i T * Good agreement with observed rate and prediction.
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Tendon Gallery in Hanbit-5

25-m distance from reactor core
10-m concrete overburden
Expected signal / background >~ 5

Expected number of Veeventis about 100 /day /ton LS

----- I- -(Jﬁu-"-‘

e Dimension

......

— Fuel vessel in core
r=1.56m
h=3.81m

P e e
- e e e e esesaesaesaesaeEaesaesaesa-

— Detector
r=0.52m
h=1.2m

7/14/2015 NEOS 34



Background in Tendon Gallery

7/14/2015

Hanbit-4
Younggwang

1000 1500

Charge [pC

Performance
comparison in
KT1 vs. Hanbit-5

Triggered rate:
/8Hz vs. 90Hz

Neutron rate:
.025 vs. below .001Hz
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Motivation:
Sterile Neutrino Search
Reactor Antineutrino 5-MeV Excess

STATUS:
Hanbit Reactor

Main Detector Construction
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Slide presented
by Y. Oh at WIN2015

Study W|th Prototype

Sejdng Univers;ity CUP Lab in Daejeon Hanaro Reactor

* 50L 0.5% Gd-LS in acrylic cylinder seen by 6 R5912.
* 411 LS p-veto and 10 cm Pb shield.
* DAQ / calibrations / background & shielding / MC.

T BRIl T S o’ s Ad SARd Ladd habt 2mdd S Ao bAds Baag S ; -
|37C " 60 ¢ ® l; 2 "
- S " Co . = < § AL
= E \  SejongU = . CUP Lab
00| .,' : g x" - :’
¢ g wﬁlﬂ £ \
" 4 @ Y - ‘ s 4
“s"- rd “ A, g “h ' 8 1\
o Ao N"‘J S . g ‘%o 4 x N
P . i el + ! - Q £ R
Lk R : 1 1 2, s.r..t, B ..
L 3 ¥ Yo M""m-v. : e "W
0 W 200 00 ~0 L) -0 0 ~&e 400 M0 0 W00 1200 MO0 MR D X0 %0 [M [’M\ )
Number of Photowiecrons Number of Photoslectrons oy Eneegy [MoV]
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Detector Co

nstruction

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 p, vy, n...

NEOS
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Detector

Design and Sensitivity

10 ¢ T e e et = i T s S o ) =
Nl i —5 "= 0.5 years data / 95% C.L.
2, ' Radius Length Y-catcher
N:; (cm) (cm)  thickness
47 5 100 I5 cm
" 475 | 100 0
4.3 100 0
52.0 120 0
102 - 1 1 4ol

1 1 1 L L1
102 10" 2 1
sin” 2604
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Slide presented
by Y. Oh at WIN2015

7/14/2015

Detector Assembly

@ Korea Atomic Energy Research Institute

NEOS
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Detector Construction




Side presented by Y. Oh
@ADFD 2015, Taiwan

Ve Detection: Inverse -Decay

SRRt annihilate leaving

/" Eue* 2%511 keV
e+ —. =~immediately

:o/'

™~ ° captured
by 2 nucleus

later

Oro(Exr,~MeV) ~ O(10-? cm?) and scales with E2

Detector of many hydrogen atoms,
with signals (lights) from e+ and n-capture.

Backgrounds

IBD:

s

.v.'.. = )pw—h-b !

n +

and its mimics:

I \SAL Tae
———

.~ ’
Ay

neutron recoils and
correlated capture

Correlated

e-like deposidon

two neutron capture followed by n-capture




Liquid Scintillator

Slide presented « 1020 litres of 0.5% Gd LS for the main detector
by Y. Oh at WIN2015 * LAB based LS + UG-F (DIN)—Better PSD than ever

— 45 T '
3 \ 1275v o ]
E 1500V & ]
LS Base Gd-compound Vacuum filter system : % ol . 1
T i o 3 Ammonium s . o
1 coine ,-=\" l iTriMethylHexanoic; 5 hydroxide £ b y PRSI e o 1
"“'°'"‘_|;/ | | Acid i Thorium removal & af p - o ]
+ ! + ............... o.r ............... Neutralized THMA :A § = Gaus(mbal)’f'(‘GMS(MZ'OI) 1
{ b 3 R 4
{ PPO + Bis-MSB | i . i ¢ = l 1
| Wavelength | oo Vacuum filter system Hydrochloric i g {\‘ ]
| Shifter | | ... tlurfactant acid ; /| / ‘ ]
+ g | (IGEPAL CO-630)! ‘ 2l T )\ =
DIN(UG)? | | +LiCl(aq) | Gd solution . v =
”‘f’ e e o
{ { Mixed UG-F (%)
|
+ UG-F + PPO
ATV — Gd-LS
7/14/2015 NEOS
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Slide presented
by Y. Oh at WIN2015

Pulse Shape Discrimination

Waveforms are different for different event type.

§. -
0.2 t
g Quil
04
E'o 6 | Qtoul Pk s
S‘o a lllll
< ;
0 0.02 0o 006 008 01
Time (ps)

PSD Parameter = Quil / Qeonl

"

7/14/2015

Liquid Scintillator
PSD Enhanced by UG-F mixing

Gd - LS + UG — F in small cell Gd - LS + UG - F in prototype

r ' ;
g Gd-LS s o Gd-LS + UG-F nss I o AmBe
a —J ' ' " (9:1) - |- o

o

Numter of Photoelocton Number of Pholootecton Crarge pC)

optimization of UG-F fraction

i e I o 5 N
; — e *® £ prompt signal £ delaved signal
© » - : s g
<} . a .
8 o—o—0 " O—® g S
. & 9
i'b . h..-.
-
- e : ' ‘ ; i
Mixod UG-F (%] Enargy (MeV] Energy [MeV)
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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

NEOS
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Timetable

HANARO NEOS

Project starts 2012 Jul

Prototype Detector 2013 Dec
Construction

Data taking until 2014 Mar

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

2015 May - Target Assembly - Dry run

Loading v 2015Jun - LS/ MO ready - Muon Veto

Moving V _

Unpacking (in process) — - Moving from KAERI to HANBIT (13)

Deployment - 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)




Prospect

Earliest measurement of short-baseline oscillation is expected.
Anomaly shown in old reactor experiments will be clearly tested.
Mass range of 4t neutrino can be directly or indirectly indicated.

Soon, NEOS will bring a news with data.
Thank you very much for your interests in NEOS.



Reactor Neutrino Spectrum

08 U “?0 290 3(-)0 — 0.8
Hanbit-5
Cycle 8 —(;(, \-Oh
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E —
; e —
- 02 _/ 0.2
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V.o v v v .o
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Cycle 9 _0(\ [ \-06
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S
=04 10.4
§ R U238 red U235: 58.3%
2 [ I Pu239: 29.6%
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> \ Pu241: 4.76%
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— Blue: U235
0 = ( Green. Pu239
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Forbidden transitions typically involve several operators
and the corrections are operator dependent

Allowed: Fermi T and Gamow-Teller Z=0T

Forbidden: AL 0 ; £ @3)**, L@, 7, L. ..

G; ”
2;3 p.E(E,-E,)C(E)F(E, .Z,A)1+8(E,.,Z.A))

S(E,.Z,A) =

Classification AJ"|Operator| Shape Factor C(E) | Fractional Weak Magnetism Correction dwar (E)
Allowed GT 1" |E=or 1 3 [qm;—"’] (E.3 - E,)
Non-unique 1" Forbidden GT| 07 | [¥, r}n p:f +E2 +28°FL B, 0
Non-unique 1** Forbidden py | 07 | [, 7° AED 0
p - g 2, a2 X TR

Non-unique 1* Forbidden GT| 1~ | [£,/"" [p? + E2 - $5°E B, ['.'G”L’f] R

Unique 1 Forbidden GT | 2- | [t~ | pebs | 3 [tgmala] [etesbien pmpasin s
Allowed F 0* T 1 0
Non-unique 1** Forbidden F | 1~ rr |pr+E}+ 38°EE, 0
Non-unique 1** Forbidden J,, | 1~ rr E; ”




