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Neutrino oscillation

 Observations from various neutrino sources at different baselines are
consistent with the three neutrino oscillation framework
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From discovery to precision

* known: 604,, 013,
N G Denton
923’ Am221,
2 _
| Am?;, |

 Unknowns:
— mass ordering
— CP phase

— 0,3 octant (< 45°
or > 45°)
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Km Baseline Neutrino Experiments

* A “golden” channel at km baseline for oscillation parameters and mass ordering
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Independent on CP phase and 6,5

« 2-km oscillation: 8;3and Am3,
. . y) 2 500 1000 _ 1500
* 50-km oscillation: 68;,and Am3,4 Baseline !
2 | 10 10° 10° 10°
* JUNO (522.5 k.m) can c?bse_rve both Am32 Bascline [m] (at B — 4 MeV)
and Am3, driven oscillations, and is
sensitivity to neutrino mass ordering This talk will focus on JUNO and include a brief

overview of 6,3 measurement by Daya Bay,
RENO and Double Chooz




Outline

e Overview of JUNO
* JUNO detector progress
* Updates on JUNO physics sensitivity

* Overview of Daya Bay, RENO, and Double Chooz
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The JUNO detector

Top Tracker and TOp tra.CkEI.' .
calibration house | 3 plastic scintillator layer

Water pool dimension
height: 44 m
diameter: 43.5 m

Central detector TS _ | Water pool
- -mm-.,~ P o 3
Steel structure (¢ 40.1 m)

Acrylic vessel (¢ 35.4 m) il / | a Earth magnetic

field compensation

20 kt liquid scintillator e | e coils

b Photomultiplier Light collection
ﬂ\v‘ e 17612 20-inch PMTs

25600 3-inch PMTs

Water Cherenkov detector

— — : o e : : % ~ Acrylic spherical
H=44m,D=43.5m % M ﬂ vessel filled with
: : - liquid scintillator

2400 20-inch PMTs T S
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Experiment DEVEYEV BOREXINO KamLAND JUNO
The largest liquid scintillator detector ]

. - |
Unprecedented energy resolution
Energy resolution . . ~ 5% IVE ~ 6% /VE ~ 3% INE 7
Light yield ~-160 p.e. /MeV | - 500 p.e. /MeV | -~ 250 p.e. /MeV | > 1345 p.e. /MeV




The JUNO collaboration

e 75 institutions, ~650 members
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A multi-purpose observatory

Reactor

~5000 IBDs for

~60 IBDs per day Several per day Hundreds per day CCSN @10 kpc

Several IBDs per day

Neutrino oscillation & properties

Neutrinos as a probe
IBD: inverse beta decay (RS RS NTy)

PPNP 123 (2022) 103927
CCSN: core-collapse supernova JPG 43 (2016) 030401



Requirement for rich physics program

Primary goal: measurements of neutrino mass
ordering and oscillation parameters using reactor
antineutrinos at 52.5 km baseline Detector properties

6 years of data taking

- No oscillations
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Statistics : pe/ e Background
Only solar term resolution scale

— Normal ordering
— |nverted ordering

_Large target mass (20 . Very high PMT ~ Satellite detector | Good overburden

kton LS) coverage (78%) (TAO) (~650 m)
~ Powerful nuclear | iohiv transparent LS Redundant _ Highly-efficient veto
reactors (26.6 GW,,) I WEIER calibration system system (>99.5%)
High efficiency PMTs . .
— — Material screening
(PDE~30%)

— Clean installation
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Central Detector

Acrylic vessel

— 265 pieces of panels in total
— More than half panels have been installed (from top to equator)

Stainless steel structure

— Completely assembled (except bottom layers to grant access)

Liquid scintillator

— Purification plants are constructed onsite under initial

Eame EEmE S

ﬂUSh|ng/teSt|ng WIBZ A e f--n f---- I {0 { A 0 s y

17612 20” PMTs + 25600 3"’ PMTs

— 5300 20” PMTs and 5500 3" PMTs installed (July, 2023)

N NINTN

Details in the talk by Xiaohui Qian “Key technologies in the design and construction of the JUNO central detector”
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Acrylic vessel

High requirements on the
cleanness and transparency

Inner diameter: 35.400.04 m
Thickness: 124+4 mm

Light transparency > 96% @ LS
Radiopurity: U/Th/K < 1 ppt

Installed from top to bottom, pieces at
equator have been installed

13
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Stalnless steel structure

» Supports the load of acrylic vessel, liquid scintillator, PMTs,
front-end electronics, light separation plate, EM coils, etc.

* Acrylic vessel is supported via 590 connecting bars
« Made of low background SS304 Lift platform for
acrylic vessel
installation

* Assembly precision: < 3 mm to minimize clearance and to

maximize PMTs

1 g y —
/ 7 \ X\ RN Vi, oS I
Completely assembled /R . i ol ’ ) : \,,'\r/l ?‘y’%

(except bottom layers to
grant access), June, 2022




Liquid scintillator (20 kt)

Four purification plants to achieve target radio-purity 10717 g/g U/Th and 20 m attenuation length at 430 nm.

B -

< (RN

A Distillation to remove radioactive S LR LA RRI B

5000 m3 LAB tank ‘ R impurities PO and 3 mg/L bis-MSB

SS pipes to

underground

b puem gy

: Gas stripping to remove ‘ Water extraction to remove
OSIRIS for LS qualification Rnand O, radioactive impurities

85% 16



Photomultiplier Tubes (PMT)

Synergetic 20-inch and 3-inch PMT systems to
ensure energy resolution and charge linearity

3 2 > .

W wr
\ . B J/ . *\
X ; / R = ", :.‘ /v‘;_ " X \ b

PO/ S\ .
Clearance between PMTs: 3 mm - Assembly precision: <1 mm : N NP g
Coverage: 75% for 20-inch PMTs and 3% for 3-inch PMTs 25600 3-inch PMTs ‘5

17



_ PMT performance

[ ALLiMean=29.6%, STD=2.6% All PMTs produced, tested, and instrumented with waterproof potting

[ NNVT:Mean=30.1%, STD=2.8%

[ HPK:Mean=28.5%, STD=1.7%
LPMT (20-inch) SPMT (3-inch)

Hamamatsu NNVT HZC

Quantity 5000 15012 25600

Charge Collection Dynode MCP Dynode

# of PMTs [/0.25%]

Photon Detection Efficiency [ 28.5% 30.1% 25%

! ! Bare 15.3 49.3
25 30 35 Mean Dark Count Rate 0.5

PDE Corrected [%] [kHZ] Potted 17.0 31.2
Dark Counting Rate L.
1D — 15,7k Transit Time Spread (o) [ns] 1.3 7.0 1.6
1 NNVT:Mean=31.2kHz, STD = 15.8kHz

[ HPK:Mean = 17.0kHz, STD = 9.7kHz Dynamic range for [0-10] MeV [0, 100] PEs [0, 2] PEs

Coverage 75% 3%
Instrumented with

. Reference EurPhys.).C 82 (2022) 12,1168  NIM.A 1005 (2021) 165347
waterproof potting

PDE > 27% (original requirement in the design)

12.6k NNVT PMTs with highest PDE are selected for light collection from LS and the

N

40 60 rest are used in the water Cherenkov detector.
DCR [kHz]







Veto detector (Water Cherenkov)

~650 m rock overburden (1800 m.w.e.) > R, =4 Hzin LS, < E,> = 207 GeV

35 kt of ultrapu_re Water servmg as passive shield and water Cherenkov detector

v' 2400 20-inch NNVT PMTs, detection efficiency of cosmic muons larger than 99.5%
v' Keep the temperature uniformity 21°C £ 1°C
v" Quality: 2°Rn < 10 mBg/m3, attenuation length 30~40 m

20



Veto detector (Top Tracker)

JUNO preliminary

A’.

04 06 08 1.0 1.2 14 16 18 20
Opening Angle true-reco (°)

L7/AN/AN

Plastic scintillator from the OPERA experiment
v About 50% coverage on the top, three layers to reduce accidental coincidence

v All scintillator panels arrived on site in 2019
v" Provide control muon samples to validate the track reconstruction and study cosmogenic backgrounds

21



Scintillator

2.8 ton GdLS detector arXiv: 2005.08745 Top Shield (HDPE)
ENEIE ~30m 5" PMT

Water Tank
Light Collection _ . S B = LAB Buffer

, GdLS
. . Cooling Pipe
. = 7 & Cu Shell
Working Temperature ¥ SiPM Amray
‘ HDPE Support

Acrylic

Vessel
Coverage ~94% O O SS Tank

Insulation (PU)

4500

Bottom Shield

(Lead)

Energy resolution <2% @ 1 MeV

e )
& -‘ =

v" SiPM is used to achieve high light yield with ~94% coverage
- 4500 PEs/MeV & energy resolution < 2% @ 1 MeV
v Gd-LS works at -50°C to lower the dark noise of SiPM

1:1 Prototype is being built at IHEP

22
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Reactor Antineutrino Oscillation

Py, 5, =1~ sin’ 26’13(c052 B3 sin Asq + sin® 65 sin? A3y) — cos? 613 sin® 2045 sin® Ayq

Inverse beta decay reaction JUSEESECS et +n

Geoneutrinos | = gI__|“"He
i — Accidentals | — "C(e,n)"®0
{  — Global Reautoré — Atmospheric NC
: ..; — FastNeutrons

Relative rate Shape
Event type Rate [/day] uncertainty uncertainty

| ReactorBDsignal | 60947 | - | .
11312
Accidental signals 0.9=> 0.8 negligible

o o o
)
o o NN

| cuitMe | o8 | oo | ao% |
| atmosphericy's | o016 | sox | _so%

Visible Energy (MeV)

Events/0.02 [MeV 'day ]

—— IBD Signal
.. —— |BD + residual BG

6
Visible Energy [MeV]

Precision of oscillation parameters:
Design in Physics book Chin.Phys.C 46 (2022) 12, 123001
J. Phys. G 43:030401 (2016)

24



Neutrino Mass Ordering

Reactor U, signal IBD event number (x10°) Design Now (2022)
0.5 1.0 1.5 2.0 2.5 3.0 (1. Phys. G 43:030401 (2016) )

Thermal Power 36 GW,, 26.6 GW,;, (26%!)

Overburden ~700 m ~650 m

Muon flux in LS 3 Hz 4 Hz (33%1)

2
min

Muon veto efficiency 83% 93% (12%7)

e
=
=

Signal rate 60 /day 47.1 /day (22%.)

Backgrounds 3.75 /day 4.11 /day (10%T)

—— NO: stat.+all syst,
—— |0: stat.+all syst.
----- NO: stat. only

10: stat. only

8 10 12 14 16
JUNO and TAO DAQ time [years]

Energy resolution 3% @ 1 MeV 2.9% @ 1 MeV (3%T)

Shape uncertainty 1% JUNO+TAO

30 NMO sensitivity <6yrs X 35.8 GW,, ~6yrs X 26.6 GW,,
exposure

JUNO sensitivity on NMO: 30 (reactors only) @ ~6 yrs * 26.6 GW,,, exposure
Estimation of NMO sensitivity with combined reactor + atmospheric neutrino analysis under preparation

Wuming Luo’s talk: atmospheric neutrino oscillations at JUNO e



Neutrino oscillation parameters

Chin.Phys.C 46 (2022) 12, 123001 Precision of sin228;,, Am5,, |Am3,| < 0.5% in 6 yrs

Central Value PDG2020 100 day= 6 years 20 years

Amg (x107° &V7) 2.5283 +0.034 (1.3%) £0.021 (0.8%) | +0.0047 (0.2%) | +0.0029 (0.1%)
Am3, (x107% &V?) 7.53 +0.18 (24%)  +0.074 (1.0%) | +0.024 (0.3%) | +0.017 (0.2%)
sin? f12 0.307 +0.013 (4.2%) +0.0058 (1.9%) \0.0016 (0.5%) ) +0.0010 (0.3%)
sin® 013 0.0218 +0.0007 (32%) +0.010 (47.9%) =0.0026 (12.1%) =+0.0016 (7.3%)

.
=0}

-]
Ln

AmZ, [10-° eV?)

6 years 20 years
T T T

102
T T T [ T T T T [T 1] —5tat.+5y5t.

p=-0.056 . Stat. only
i ® Ami, *  Am3,
JUNO & years

] ‘ o o
] m 68.27% C.L. ~ -4 12 ® 13
] g5 . 45% C.L. B

99.73% C.L.
*  Best-fit

p=-0.032

T
1

&

o+

=3}

w4

Best measurement for the foresieeable future

252 2.54 75 16 0.305 0.310 T e
Amiy [1077 V] Am3, [107 eV’] sin“f1; JUNO Data Taking Time [days]

b
o [
T

The improvement in precision over existing constraints will be about one order of magnitude except for 8,




Diffuse Supernova Neutrino Background
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g
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S
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Improvements: background evaluation (0.7 per year - 0.54 per year),
pulse shape discrimination (signal efficiency 50%—>80%),

better DSNB signal model (non-zero fraction of failed Supernova)

wmwe R (0)=0.5x10" yr' Mpc™

e— R, c(0) = 1x10°" yr' Mpc" BH: 0.40

— R (0) = 2%107 yr! Mpc™ BH: 0.27
Oyt 50%—30% BH: 0

B 5, 30%—20%

~
P JCAP 10 (2022) 033

P

Pt
<

\

DSNB V, flux [cm™ s'! MeV™']

—
OI—\
o

Model
16 18 20 10 20 10 20 PFEd'Ct'OHIO\

DSNB discovery potential: 30 in 3 yrs with nominal model

S/B improved
from 2 to 3.5

{ —e— JUNO (90%C.L.).10 yrs 4,
»— KamLAND (2021) :
—a— SK-IV (2021)
I —%— SK-LILIII (2012)

) *# “#| —— Borexino (2020)

—(E=12MeV,f =0
=—(E =15 MeV, f =027
—(E,)=18 MeV, f _ =0.40

R con: (0.5-2)x10yr! Mpc™

27



Neutrinos from Sun (E . >2MeV

arXiv: 2210.08437
200 ton 13Cin JUNO LS = enable observation of B8 solar neutrino CC and NC interactions on 13C

Channels Threshold Signal Event numbers
[MeV] [200 kt xyrs] |after cuts
CC ve +13C — e +18N (%7;gnd) 2.2 MeV |e™+!3N decay 3929 647 Correlated events
NC|ve 413 C = ve +13 C (3 7;3.685 MeV)|3.685 MeV v 3032 738 ,
Singles event
Ve +e—ve+e 0 e 3.0x10°

a g " 7] gJ_._nll‘|\I|IIII|\III|\III|I|}I'|i Best—ﬁt ES
3 = R - _ . 5\ 3 s =5.25x% 10% cm=2s~! — 1o
bS] o | — VPG CC i « F / 3 AmZ =7.5x1075 ev? - 20
b= < | i 3 \., 2 sin6,=0307 30
w w Accidental from v-e ES 3
< = 10 7 N -
= 354 15 = —— Muon-induced isotopes ] Tk d\auaaad uaada i ES4NC
E o2 — R=! i 575 A\ N, \ . —1-0
2 1o —Total E “@ ] mg cas N \ /é 3w 20
5 Y —v,-15C CC 11 5 2 TE CUERN e e
=4 & T > 5 ] ™ F: N -3
] L—v-g ES . (5 | PR = Y .
i —\"'130 NC 1 = = o ‘h/ 1
E 10 Reactor ES+NC ; ‘g : {_HE":‘ i;lill\l I IHE1"|\||||||||||||||||_:9
2 — Radioactivity & Isotopes] 2 3 o F ti A 3,
e T n £ ! . 3\ 3
L>u< H lll' T m 0 1 P 1 P B I PR T T T N N T é:: 5 : E_: ‘\,\ _: \I'. | SNE‘-{
| = L L L L 6 8 10 12 14 16 18 2 CES £ NRE 3
.. [ S <4\ 3
2 4 6 8 o 12 14 16 18 20 Visible Energy [MeV] E°F E e \ /Z_
VlSlble energy [MBV] 4 g R Nt SN 1 Ll !
475 525 575 4 (3] 8 10 12
sin28;; 8B flux [10° cm~?s71] AmZ,[1075 ev2]

Single visible signal channel Prompt signal of the prompt-delayed pair signal channel



Neutrinos from Sun (E ..<2MeV)

e SV & 1. S

Sensitivity to ’Be, pep, and CNO solar neutrinos (arXiv: 2303.03910) with different radiopurity scenarios considered

10x Borexino Phase-| Borexino Phase-l1l
. BD | contamination ldeal’ contamination p

? L RLLL L L R L

AP

T " 1 . ! ;
ML U Feguirement Borexino Phase-I
for NMO measurement BQSELLV\IE contamination

\

IIIm\Im‘l

3
-
1

—— Baseline —1BD wne BX result

EXpOS ure [kton Y] Exposure [kton y] Exposure [kton y] Exposure [kt y]

40 60 80 100 20 40 60 80 100 20 40 60 80 100
e | e | - — T T T S B B — ———— —
No pep-v constraint With pep-v constraint 1

2
Q
)

—_ o

Current best resulf

pep-v rate relative uncertainty [%]

(D
CNO-v rae relative uncertainty [%]

="

Be-v rate relative uncertainty [%]

CNO-v rate relative uncertainty [%]

7
—

Time [y]




Outlook of JUNO

2013

2023-2024

now

2015




Overview of Daya Bay,
RENO, and Double Chooz



Experiment layout

Common feature: near/far relative measurement

8.5

GW,, ﬂ 8t near 8t far [] Double

Chooz
A

é&ji %b m 16t near 16t far m A RENO
@ 860 m
n m 2x20t near | S
éa,i 4x20t far m Ba;:
,l m 2x20t near |l

Near
detectors

Electron antineutrino
survival probability

|

Plot: Soren Jette

RENO Far

Effective baselines

Daya Bay Far




Double Chooz

0)
Ooo0d

500

32000000
HR3RIAAAD

Oo50a eeed

N

AD PMTs

Energy resolution Muon PMTs

UUUUduduUudiuy
goaoanaaa

AAAA _AAARA

Double Chooz
RENO
Daya Bay

390 x 10"
354 x 10"
192 x 8"

6% at 1 MeV 78 x 8"
7% at 1 MeV 67 x 10"

8% at 1 MeV 288 x 8" (near)
388 x 8" (far)

v v 2

"~ Plot: Soren Jetter




Latest result from Daya Bay

Phys. Rev. Lett. 130, 161802 (2023)

» Data-taking life: Dec 2011 - Dec 2020

* Current best results on sin?20,; with full data-set IBD selection from neutron capture on

gadolinium
Best-fit results: x*/ndf = 559/518
sin? 26,5 = 0.0851*3-9924

Normal hierarchy:

Inverted hierarchy:

1 hierarchy

o
=)

[
n

J—
-l
-
Ub]
oy
I-—-
=
—
D ——
-

1
L lanl

!..,_;
=

IAm
1
Ld

]
2

0.075  0.08 0.09  0.095

Am3, = +(2.46673:389) x 10 3eV?

Am3, = —(2.571%3589) x 10~ 3e

(2.8% precision)

(2.4% precision)
(2.3% precision)

VZ

VEHI T EH2 | EH3

Best fit (3-flavor osc. model)

400 600
L. /(Ez,)[m/MeV]

200
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Latest results of Double Chooz and RENO

* Double Chooz: 2011-2017 * RENO: running since 2011

RENO 2900 days (Aug. 2011 — Feb. 2020)

— Rate+Spectrum
- - Rate-only

sin?(20,3) = 0.102 + 0.011 (syst.) + 0.04 (stat.)

—4— FD/ND data
Mo oscillation : .
: e« Rate+Spectrum
Best fit on sin® 2¢,; = 0.105 + 0.014 i + Rate-only
[199.7% CL.

- MD uncertainty
[95.5%C.L.

Lincestainty is tha aquare ool af e covanance malix dagenal lame - 0 g 3 f.'-}é, C L
a.3%ve U L.

(o]

L

-
o

m

' —
—
—

(W]
n

a3
“
ea

Far/near
| Am,

Py, —7.)~1—sin"20,,sin’ (I,QTAm.f. o

)

0 0.05 0.1 0.15
DC IV sin*26

for (818 days) + near (25 davs) | sin? 2615 = 0.0892 4 0.0044(stat.) + 0.0045(sys.) =7.0%

4 5 I . . e o o o - - 2 0 ;
Visible energy (MeV) |Ami\ = 2.74 £ 0.10(stat.) £ 0.06(sys.)(x107"eV~) £4.4%

35



Present Global Landscape

Daya Bay nGd ~o— 8.53+0.24

g RENO nGd o 8.96+0.67 7.
Sln~26]3 Daya Bay nH ——e—— 7.1 +11  15.5% Daya Bay prOVideS the
Double CHOOZ 10.5 +1.4 13.3% best measurement in the
T2K N 11641220 17.6% foreseeable future

1.89

10 12
sin® 264, 1072

Normal mass ordering

Daya Bay nGd e it 2.454+0.057 2.3%
NOvA p—— 241 +o007 2.9%
T2K s e 2.45 +007 2.9%

+0.08

MINOS+ b —— 2.40 Tho0  3.5%

aCuba 5 a1 +0.11
IeeCube o1

RENO  nGd PRSI KM baseline reactor
SuperK . 253 102 61 neutrino experiment
a3 93, 94 b 28 27 328 provide consistent Am 2,,
Inverted mass ordering : reSU|tS with accelerator
Daya Bay nGd et / .
and atmospheric
experiments

NOvA ——
T2K ———
2
Am'gg (IO) MINOS+ o S
leeCube
RENO nGd

SuperK

2.4 .
|Am3,|, 1072 eV?




Summary

e Great success from reactor neutrino experiments at 2 km

* Daya Bay, RENO, Double Chooz obtained the best sin?20,, precision,
which is a key input for future neutrino experiments

* Bright future of JUNO is expected
— Rich physics potentials
— Neutrino mass ordering: 3 sigma with 6 years
— Oscillation parameters: best precision for sin*6,,, Am 2;, Am 2,
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Neutrino mixing

e 2015 Nobel Prize: Neutrinos oscillate and thus have masses.

* The flavor eigenstates are mixing of mass eigenstates.

Generation and detection via

flavor eigenstates
* Solar:v,
e Reactor: v,
* Atmospheric: v, vy, V¢
* Accelerator: v,, vy, V¢
* Cosmic, supernova, ...

Mixing matrix measured by
neutrino oscillation

* Mixing angle: 615, 013, 653

* CP violation phase: 6,

* Majorana phases: 64, 0, (invisible)
Oscillation probability also relies on
relative masses and mass ordering

* Am3y, Am3,, Am3,

* Mmy<m, <Mz Oor mg<m, <my

* Tiny but (at least two)

non-zero masses
* [ decay

* Double f decay

2 2 2
mgg = |l..-'rE:1-r?1.1 + UL,ma + ULms

 Cosmology

- 39
E My, = My + Ma -+ M3




nline cintillator nternal adioactivity

nvestigation ystem (OSIRIS)
A 20-t detector to monitor radiopurity of LS before and

during filling to the central detector
v' Few days: U/Th (Bi-Po) ~ 1 X 107'%g/g (reactor baseline case)
v' 2~3 weeks: U/Th (Bi-Po) ~ 1 X 107" g/g (solar ideal case)

v’ Other radiopurity can also be measured: 4C, %1%Po and &Kr

Possible upgrade to Serappis (SEarch for RAre PP-neutrinos In Scintillator): Ep/c 82 (2022)9, 779

v" A precision measurement of the flux of solar pp neutrinos on the few-percent level
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Electronics

Underwater electronics to improve signal-to-noise ra
resolution

Front-end bellow with
coaxial cable (1.5 m)

heat sink

Front-end and read-out

lectronics
- SASCHORIG Under-water connectors

Back-end bellow with Toward PMTs

Connectors——> |« Ethernet cables

UWBox/\ - ~ (30 - 100 m)

3 20-inch PMTs connected to one underwater box

i A TED P s S
Y ",.qf-.'l‘ 3 =

1 ‘ N f', ﬁ_"ﬂ_ . “ ; -
e - 53 iy

——

sl ,.1,4".7';;‘/:’";..?

1 GHz waveform digitization, expected loss rate < 0.5% in 6 years = S

/ i —
g

£ 11 “Ehia =

/ Front-End board

UnderWater Box

"~ High voltage splitters

Global Control Unit

heat sink




Calibration

1D,2D,3D scan systems with multiple calibration sources to control the energy scale,

detector response non-uniformity, and < 1% energy non-linearity

Automatic Calibration Unit

ROV guide rail

Central cable

Side cable

o
o
©
-
o
-—
[
[
o
-
3
o
(2]

- > - - ’;: ‘ _
BTl -NECENC % [ 2
B . vy
. - ) -1 1 o
- ' | ©
=
°
w
o &
{ , Source True gamma energy [MeV]
= — ——aa |
- “F - ___‘__————_f_"’-/—_-—‘*—a
;‘ | \ o
) ==
Inherent nonlinearity
q . —— Best fit
. Shadowing effect uncertainty from Teflon _ Uncertainty

Céble system finished prototype test capsule of radioactive sources: < 0.15%




Taishan Antineutrino Observatory (TAO)

Goals:
1. Measure the reactor antineutrino spectrum with unprecedented energy resolution and see its fine structure for the first time.
2. Provide a reference spectrum for JUNO, other experiments, and nuclear databases

3. Search for light sterile neutrinos

|— JUNO-TAO 90% C.L.

|— NEOS 90% C.L.

4. Make improved measurements of isotopic yields & spectra |—oavaBayso% .
---JUNO-TAO 99.7% C.L.

|---PrROSPECT-199.7% C.L. |/

arXiv: 2005.08745

=~ TAO/DayaBay Statistical uncertainty

= JUNO/DayaBay Statistical uncertainty

Summation/DayaBay

7 8 9
Neutrino energy (MeV)

Constrain the fine structure in [2.5,6] MeV to < 1% TAO sensitive in region 102 eV? < Amj;< 10eV?
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Update of energy resolution

Change Light yield in detector Energy resolution Reference
center [PEs/MeV]

Previous estimation 1345 3.0% @1MeV JHEPO03(2021)004

Photon Detection Efficiency (27%—>30%) +11% 1T arXiv: 2205.08629

New PMT Optical Model +8% 1 2.9% @ 1MeV EPJC 82 329 (2022)

Positron energy resolution is understood: ) — JHEP03(2021)004
= — N
5 > - ow
o a C 2 : : L
— + b2 + 5 N\ JUNO Simulation Preliminary
Evis N . Eyis % h
o
. . 1I
Photon statistics S
o —— Now/JHEP03(2021)004
0.9 4 6 8
e LS Birks constant from table-top measurements Visible Energy [MeV]

* Cherenkov yield factor (refractive index & re-emission probability) is re-constrained with Daya Bay LS non-linearity
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Reactor antineutrino spectral shape uncertainty

Central —— TAO-based (arXiv:2005.08745)
Calib. by Gigeal — DYB-based (Phys. Rev. Lett.123, 111801)

o
o
o

Model-based (Phys. Rev. Lett. 112, 202501)

Calib. by g
g JUNO Yellow Book (J. Phys. G: 43 030401)

With vertex smear

-
e

EPIC 82 (2022) 12, 1112

Relative Uncertainty

2 3 4 5 6 7 8
Visible Energy [MeV]

1. ~94% coverage of SiPM with ~50% PDE v Unprecedented energy resolution < 2% @ 1 MeV
2. Inner diameter of target: 1.8 m, absorption of scintillation very small v Shape uncertainty close to the assumption in the JUNO

3. Gd-LS works at -50°C, increase the photon yield Physics Book (J. Phys. G43:030401 (2016))




