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Reactor v, Production and Detection
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Reactor Neutrinos Oscillation
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Daya Bay Recent Result
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Precision Measurement from Daya Bay

Experiment Value 2 0.02( =

(o) [ -

c __ 68.3% C.L. _

nGd - 0.0856+0.0029 @ 0.018 R —

S ate Only ]

Daya Bay sootét e Installation —

LE Rate+Spectra ]

nH —e—r 0.071+0.011 0014 e Stat. only o

- PRL 108 171803 (2012) .

3.4% 0.012[— CPC 37 011001 (2012) -

= PRL 112 061801 (2014) -

nGd —o— 0.0896+0.0068 0.01— PRL 115, 111802 (2015) —

- PRD 95, 072006 (2017) -

RENO 0.008— This result -]

nH —_— 0.085%+0.014 0.006:— _:

0.004— .

D-CHOOZ nGd+nH+nC —_— 0.105%+0.014 - n

0.002— =

0.04 0.06 008 01 0.12 0.14 v e by by v by by by by by oy 3 Tl

sin226,5 Oq/12 12/12 12/13 12/14 01/16 12/16 12/17 12/18 01/20 12/20

Experiment Value (10~2eV+) Month/Year

Daya Bay nGd I 2.47+0.07 < 0.25[ ]
(0]

° R 68.3% C.L. i

RENO nGd —_ 2.63+0.14 ‘F - _

5 0.2 — Rate+Spectra ]

T2K 2.434+0.064 S I Statistics only _

T 5 - @ PRL 112061801 (2014) -

& - D  PRL 115 111802 (2015) -

NOvVA — 2.83% 2.51%312 015~ @ PRD 95072006 (2017) ]

L == This result .

MINOS _— 2.42+0.09 o —

01— —

Super-K — e 2.50%3:93 i ]

IceCube —_—— 2.31+011 0.05 — _—

22 23 24 25 26 27 28 - —

|Am§2| (10_3eV2) L 1 1 1 l 11 1 I 1 11 I 11 1 I 11 1 I 11 1 I 11 1 l 11 1 I 1 1 1 _I

Normal 01712 12712 1213 12/14 01/16 12/16 12/17 12/18 01/20 12/20

Month/Year
Jiajie Ling (SYSU) 15th Rencontres du Vietnam



Open Questions of Massive Neutrinos

* Are neutrinos responsible for
the matter anti-matter
asymmetry? Normal Inverted

A V3 L

M. v, v,

oa
<
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e What’s the neutrino mass

ordering?
. . AmZ,,
e Are neutrinos Dirac or Mat
Majorana particles?
 What is the neutrino mass? VY, e— gI .
. . . T Amsol
e Do sterile neutrinos exist? Vi FE—_ — Vs
* Why neutrino mass is so tiny?
o NO: |Am?3;| = [Am?3, |+ Am?,,
10:  |Am?3;| = [Am?3,| - Am?y,
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Neutrino Mass Ordering (NMO)

X.Qian et al. Phys. Rev.D.87, 033005 (2013)
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Neutrino oscillation can cause different oscillation frequencies at different L and E
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The JUNO Site

Status Operational Planned Planned  Under construction  Under construction
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Neutrino Oscillation at Jiangmen Underground
Neutrino Observatory (JUNO)
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Sensitivity of NMO Determination

J. Phys. G43:030401 (2016)

Assume NO as true MO, and fit the spectrum with false and true MO cases
respectively, and we get Ax? = x*(false)— x?(true)

0.040 !
o 9 !
L | :
g- 6_} g 0.035 - |
= o = | 00—
m e '
w3 o . ! Ax? levels
%) © 0030k - oo bmmmmimimimemmemrmem e _
< st ’ ;
5 S . «IQ» nominal
() (o14] :
3 5 —
Y] c !
—t
= W 0025
Qi L

0.50 0.75 1.00 1.25 1.50
Exposure

\J

target mass, detector live time

Jiajie Ling (SYSU) 15th Rencontres du Vietnam 10



JUNO Detector Design
—E_

LS Mass [kt] 0.278 ~0.04 x 8

E resolution@ 1 MeV 6% 5% 8% 3%
Photo-coverage 34% 30% 12% 77%
E calibration 1.4% 1% 0.5% <1%

Calibration room*
o Top Tracker

PMT

17,600 20” PMTs +
25,000 3” PMTs:
coverage 77.5%

Central detector
SS latticed shell
Acrylic sphere

Water Cherenkov

35 kton pure water
2,000 20” veto PMTs

Liquid scintillator
20 kton
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Sensitivity of NMO Determination

Event type Rate (per day) Rate uncertainty (relative)  Shape uncertainty
IBD candidates 60 - -
Geo-vs 1.1 30% 5%
Accidental signals 0.9 1% negligible
Fast-n 0.1 100% 20%
’Li-"He 1.6 20% 10%
C (a, n)'*0 0.05 50% 50%
25 ——— — JUNO MO sensitivity with 6 years' data
r Normal true MH 1 assuming full reactor power
Tl 1 Ideal 52.5km  +16
5 .
:; 10} - Core distr. Real -3
4
: e DYB & HZ Real -1.7
e - 10 Spectral Shape 1% -1
234 236 238 240 242 244 246 248 250 B/S (rate) 6.3% -0.6
AMZe| (X10° eV
| ¢ ) B/S (shape) 0.4% -0.1
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NMO Sensitivity with External v, Constraints

Y-F. Li, et.al. Phys.Rev.D.88, 013008 (2013)
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H.Minakata, et.al. Phys.Rev.D.74, 053008 (2006)

AmZ,= cos?0,,Am%, + sin?0,,Am53,

Am}, = sin®6,,Am3, + cos*6;,Am3, + cosScpsinbd;3sin26;,tanb,sAms,

Mass ordering degeneracy at a certain Land E: |Am3, (IO)|=|Am§2 (NO)| + Am(zp

Sensitivity with 100k events (20k ton LS + 6 years with 36GW,, reactor power)
* 3% energy resolution@1 MeV, <1% energy calibration
« Ax?>9 (Ax? > 16 with external 1% |Amj,, | constraint)
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Fine Structure in Reactor Spectrum

e s e normal hierarchy, JEFF & ENDF vs. Huber-Mueller
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Fine structure calculation depends on the ab-initio calculation
using nuclear database and can not be precisely determined.

Jiajie Ling (SYSU) 15th Rencontres du Vietham 14



JUNO-TAO

e Taishan Antineutrino Observatory (TAO), a ton-level, high energy
resolution LS detector at 30 m from the core, a satellite exp. of JUNO.

* Measure reactor neutrino spectrum w/ sub-percent E resolution.
— model-independent reference spectrum for JUNO
— a benchmark for investigation of the nuclear database

Sealing Top shield

* Ton-level Liquid Scintillator (Gd-LS) Bl HOPE; heat nsulation aver

Filling port

* Full coverage of SiPM w/ PDE > 50%
e Operate at -50 °C (SiPM dark noise)

* 4500 p.e./MeV Side
Shield Shield
(HDPE) Inner ball (HDPE)
Gd-LS
* Taishan Nuclear Power Plant, somary
30-35 m from a 4.6 GW_th core e L

Support

i 2000 IBD/day (4000) PU, heat insulation layer

G1 HDPEB(l:tttt,!n s:‘itgldl G1C
. . , heat insulation layer
e Onlinein 2021 V

Ground
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Precision Measurement

Current precision

Am%l |Am§l| sin? 01 sin” 0,3 sin?f0y3 | &
Dominant Exps. | KamLAND | T2K SNO+SK | Daya Bay | NOvA | T2K
Individual 1o 2.4% 2.6% 4.5% 3.4% 5.2% 70%
Nu-FIT 4.0 2.4% 1.3% 4.0% 2.9% 3.8% 16%

Probing the unitarity of U,,\s t0 ~¥1%, more precise than CKM matrix elements!
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Other Physics for JUNO /.

Supernova v 5-7k in 10 s for 10 kpc

Atmospheric v
several/day

Atr

Solar v

Cosmic-ray
~ 250k /day

0.003 Hz/m?
215 GeV
10% muon bundles

36 GW,;, 53 km Geo v

Reactor v, 60 /day
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The JUNO Collaboration

77 Institutions, ~600 collabgrators

. China (34), Taiwan, Ch a(3) Thailand (3),
Pakistan, Armenia

. Italy (8), Germany (7), France (5), Russia
(3), Belgium, Czech, Finland, Slovakia,
Latvia

. Brazil (2), Chile (2), USA (3)
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JUNO Schedule

More details in C. Guo’s talk
“Status of the JUNO Detector”

I 2021
*  Complete the

construction
2019-2020 and start data

Electronics  taking
I 2018 production starts

10 Pskonng. PP,
S G P 3 01 3 10 o o 9 3001

Teehnical Report

Neutrino physics with JUNO

' CoIIabgt:;tion 2044 PMT potting Civil construction
. Start delivery and lab
s, Coge Nt e Gy Abore Crogrin 2017 of surface preparation
© PMTtesting  \iiging completed
2016 start . Start - Detector
. PMT * TTarrived productionof ~ construction
2015 production acrylic sphere
«  PMT production  Start i s s | '
line setup ° CDparts
2014 « CD parts R&D production
International *  Civil start
collaboration construction YeIIo.w book
established start published

JUNO surface buﬂdlng

&
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Summary

* Neutrino physics has entered the precision era.

* Daya Bay has the world best measurement on
015.

* JUNO can have independent determination of
neutrino mass hierarchy at >30.

* JUNO also can have sub-percent measurement on
01, Ams, Am%z

* JUNO will largely advance the reactor neutrino
physics and liquid scintillator technology.
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