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on the way to
physics data
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The JUNO experiment
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Primary physics goals:
V Mass Ordering determination

and precision measurement of
V oscilllation parameters

:;éwuv / ‘&G S
ﬂ? 7/ ” ’.4“‘.;_4. RPN SR |\
T » = " . AV K E

o
| ‘: 2 i PPN IR S
|

g§§§ﬂ§n~'f

4
TN Y . W —— o
——

\ . S AR ap e —— o
‘ " JSY S f .
{ e )
- b WA, (RN '
o et ) x L L A A > * 8 - - . Y
SR FF S ” 7 yELST 7 7 s bt °
'u‘oo e A8 | / / / / / hARER R e
! + “,‘ a ' 74 / v ."' 5 -
J o o I “ r ol - Ll
- ey re y

» TAO (Taishan Antineutrino Observatory):
1 ton satellite LS detector at ~30 m from .-

one reactor core for

NE&W MMNXX]] — JUNO — M.Sisti of the antineutrino energy spectrum

» Underground:

20 kton Liquid Scintillator (LS)

~650 m overburden (1800 m.w.e.)

» Unprecedented energy resolution: ~-3% @ 1 MeV
» Energy scale precision: < 1%

precise measurement
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= 74 institutes
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The JUNO Collaboration

Nanning, Ghina — January 2020
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@Neutrino mass ordering at reactors

normal ordering (NO) inverted ordering (10) Suggested by Petcov and Piai, PLB 533(2002)94
m* 4 ) 4 m” Learned et al, PRD 78(2008)071302
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meters 1-2Km 53 km ~200 km
1] B2
Amy, oo 10 JUNO
Amz, ’ B l@ V V‘ |
% 0.8[— Near l@ ) ‘
Amg,, | . | = ‘ T
—UV:IM B v 3 L E »
;U 4 S 0682 Daya Bay \
. g Tk 28
NO: |Am3,| = [Am3,| + [Am3, = g = DOU:;IENCCI; o0 \
2 qal_ 52
[0: |Am3,| = |Am3,| — |[Ams3, g 04r é@ |
L5
V_, survival probability: - - with 3 # 0
O_ | | | |||||| | | | |||||| | | | |||||| KaImLIAi_N[ll(DI:i
-2 -1 m
Pee(L/E) =1 - Py — P31 — P3 10 10 1 10 E[MeV]
P, = cos*(83)sin*(26,,)sin’(. - SLOW Am,_2
A2 ] ] , Independent of
Amz. 1, a2 ) —>
Ajj = —1 P31 = cos=(6,)sin“(26), 0.3 and CP phase
4F, o, A - FAST Arnatm2
P+, = sin“(6,)sin“ (265

NOW MMXXIT — JUNO — M.Sisti



) Reactor antineutrino spectrum at JUNO

PLALYC ISR EPTYY PP | > Large statistics \’

x 103 arXiv:2204.13249
100F )
- 6 years of data taking —— No oscillations
- Only solar term
30 —— Normal ordering
- -— |nverted ordering
~> A
§ |
~ 60
T
o I
0 | .2
£ ol sin” 264
@
o | 5
lSlIl 2913
2 | TS
3 Amay, )‘ Amg, =
O-.ll.ll.. l. - . r oy

(20 kton LS)
(26.0 GWip)

v Large target mass

» High energy resolution
(78%) |
v High photon vyield, higly transparent LS|
v Highly efficient PMTs (PDE ~30%) |
» Small shape/scale uncertainties

I v TAO satellite detector

: v/ Redundant calibration system

i>»Low background

|
i v/ Powerful reactor source
; v Large PMT coverage

(~050 m)
Highly efficient veto system

Good overburden
(>99.5%)

High sensitivity ma

cerlal screening

(matter effect contributes maximal ~4% correction at around 3 MeV,

arXiv:1605.00900, arXiv:1910.12900)
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Careful control of 1nstallation
cleanliness
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Central Detector (CD):
Steel structure (2 40.1 m) +

Acrylic vessel (@ 35.4 m) +
20 kton Liquid Scintillator (LS)

The JUNO detector
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2400 20-inch PMTs

Water Cherenkov Detector (WCD):
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Experiment
LS mass
Coverage

Energy resolution
Light yield

BOREXINO

KamLAND

Top Tracker (TT):
3 plastic scintillator layers

Pool’s dimensions
*height: 44 m
diameter: 43.5 m

e water depth: 43.5 m

Light read-out:
17612 20-inch PMTs
25600 3-inch PMTs

20 ton ~ 300 ton ~ 1 kton 20 kton
~12% ~ 34% ~ 34% ~ 78%
~ 8% /VE ~ 5% /VE ~ 6% [VE ~ 3% /VE
~ 160 p.e. /MeV | ~ 500 p.e. /MeV | ~ 250 p.e./MeV | >1345 p.e. /MeV Z




Reactor antineutrino detection

0.9 X107 Antineutrinos from reactors

08 3 measured spectrum 1 5 | ‘
.CS = ?% (unoscillated) la < A %%p ‘cé/ ;!
w 0.7 oy — =
T 3 18 _
= 0.6 — o _ 7)) 3 GW,, reactor - ~1021! v_/s
P % 13 4
S 051 - o
~ © 235 _ O
8 04 1, & .
€  F — "Pu 12 g Inverse Beta Decay (IBD) reaction
S 03 238 | - -
N 1o
= 02— *Pu J, & SN
< - B /, - \\

01F - § n /. delayed ,/‘

: ] 2 o v ~2%6ps
0 I [ | 0 E , ¥ ¢I
0 1 42 3 4 5 6 7 8 9 . -
Antineutrino Energy (MeV) Ve ® - -+ @ v (2.2 MeV)
p\\ prompt
Energy threshold: 1.8 MeV N few ns
— v (511 keV)«---‘ol - > 7 (511 keV)
]/e + p ; e
e Space-Time coincidences between
e E .. (et+t) = E (vV,) — 0.78 MeV prompt and delayed signals to

reject uncorrelated background
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JUNO: a neutrino observatory

Reactor anti-v Atmospheric v Solar v Supernovae (SN) v Geoneutrinos

+ New

physics

8B: ~50/day Core Collapse SN

~ , ~400 / year Proton decay

e Several /day  cNO: ~1000/day 0 Wlsa y Neutrino magnetic
’Be: ~10000/day thousands in few sec. momenst;
Diffuse SN signal:
few / year Sterile neutrinos
Non standard
interactions
e — Lorentz invariance
Neutrino oscillation & properties Others

Neutrinos as a probe

NOW MMXXIT — JUNO — M.Sisti 9
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@ Central Detector status

» Stainless Steel (SS) structure

Completely assembled (except bottom _  ¥—:—‘
layers to grant access) £ FHEEEHE

Py
e
h~h

-
—
_—

» Acrylic Vessel (AV) i jiEEm= amma! AL

Construction on-site started at the T .
end of June 2022 - chimney and first IS =il AN Jliss
three layers already 1n place |

F

—t—t .
—t "

» Liquid Scintillator (LS) ¥ 2

Purification plants are under
construction onsite

NOW MMXXIT — JUNO — M.Sisti 12



Supports the load of AV, LS, PMTs,
front-end electronics, light
separation plate, EM coils, etc.

Sustains the upward buoyancy

Divided into 30 longitudinal and 23
latitudinal layers

Made of low background SS304

590 connecting rods to uphold the AV

Connecting rod with disk springs / \

Connecting rod with locking mechanism

Assembly precision
must be < 3 mm to
maximize PMT number

Lift platform for
acrylic vessel
installation




e Contains 20 kton of LS

e Tnner diameter: (35.40x0.04) m
Thickness: (124%4) mm

e Light transparency: > 96% QLS

e Radiopurity: U/Th/K < 1 ppt

265 panels + e e e

. e o/ o/® m\® e\ W
2 chimneys - wheo/o ©/o e[® ®\e W\l
100% produced| foe ¢/¢ oo aja a\s s
' @]@ ®|® a\a oy
@ | ® @\ O

50um PE film protection Cleaning

\

70% of nodes
bonded

NOW MMXX]T] — JUNO — M.Sisti 14
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Connecting bar to acrylic node
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&

CD - quuld SC1nt111ator

Linear AIkyI Benzene (LAB) + 2 5 g/ L PPO + 3 mg/ L bis-MSB

JHEP 03(2021)004

e High light yield: >1345* p.e./MeV
e Long attenuation length: > 20 m
e Extremely high radiopurity >

JUNO LS:

*Recent studies suggest up to 20% increase 1n the light level

Purification of LAB in 4 steps:

e Al,03 filtration column
- 1mprovement of optical properties

e Distillation
- removal of heavy metals
- improvement of transparency

e Water Extraction (underground)
= removal of heavy elements U/Th/K

e Steam / Nitrogen Stripping (underground)

= removal of volatile impurities (Ar/Kr/Rn)

NOW MMXXI] — JUNO — M.Sisti

40K < 10-16 g/g
210pb < 10-22 g/g

40K < 10-18 g/g
210pb < 10-24 g/g

> IBD (reactor v):
2380 / 232T7h < 10-15 g/g

> Ideal (solar v):
23807 / 232Th < 10-17 g/g

Required radiopurity:

NIM A 988(2021)164823

Solvent:
Linear alkylbenzene
(LAB) as solvent

non-radiati e
> 230nm

MF

Wa VOlC ngth non-radtatfve
s hlfter -) 390nm

Fluor:

2.9g/LPPO

PPO

LAB from Storage Tank Chilled  bisMS

Water
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< Hot-0il

ixXing
Tank

}Twaster Solution

l Water Extraction

F
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Tank
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UNDERGROUND

[ ) To Filling Station
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Ultra Purity a
Water
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&) Radiopurity control strategy

LS: ongomg mstallatlon of dlfferentpurlflcqtlon systems
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5000 m3 LAB tankmm Alumina filtration plant e n; L : 1 - I LLS Mixing plant\

85%

To underground
inside SS pipes
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OSIRIS quality check Gas strlpplng plant Water extraction plant

JUNO: 20 kton LS
NeOW MMXXI] — JUNO — M.Sisti 17




D

OSIRIS

Detector

Online Scintillator Internal Radioactivity Investigation System

Head Tank Automatic
;A::t:g;ansk5'0m3 \ ‘ = Calibration Unit
4x Top Il il

Muon Veto PMTs

Steel Frame with
optical separation
/mx8m

Inner PMT Array:
64x 20"”-PMTs

~
"i'..“
“a
watdl
7l
b -
-y
|

Acrylic Vessel —
17t of scintillator
3mx3m

8x Ground
Muon Veto PMTs

NOW MMXXIT — JUNO — M.Sisti

EPJC 81 (2021) 973

A 20 ton detector to monitor LS
radiopurity during purification plants
commissioning and JUNO detector filling

e Exploit fast coincidences 1in 238U and 232Th chains
e 17 ton LS volume (@=3 m, H=3 m)

e 280 p.e./MeV; energy resolution: o ~6% at 1 MeV

e Tnstrumentation:

64x 20" PMTs for scintillator (9% coverage)
12x 20" PMTs for muon veto

e Few days for a sensitivity ~10-15 g/g (U/Th)

e 2-3 weeks for a sensitivity ~10-17 g/g (U/Th)

e Other measurable i1sotopes: 14C, 210Po, 85Kr

: : Xiv: 2109.10782
+ Possible upgrade to Serappils GEALY

(SEarch for RAre PP-neutrinos In Scintillator)
- A precilision measurement of solar pp neutrinos
on the few percent level

18



@9 Radlopurlty control strategy

JUNO detector fllllng

+ LS recirculation 1is not feasible at JUNO (20 kton!)
- Target radiopurity must be met since the beginning

+ Planned strategy:
» Leakage control (single component < 10-6 mbar * L/s)
» Acrylic vessel cleaning before filling

» Clean environment
» Water-exchange filling scheme «——

..............1

- 1st gstep

~2 months

v
Best compromise between
: englneering risks and
S background contamination risks

E
&

- 2nd gtep

~6 months

i v U1 3
— e — — ‘_-';-L‘; . :‘ : 'f IS : '3_'
BN BN BN BN BN BN BN BN

JUNO: 20 kton LS
NeOW MMXXIT — JUNO — M.Sisti

Schematic of the filling sequence »




Water pool

Level

Class 100,000

Class 10,000

Class 1000

Temperature: 21°Cx1°C

NOW MMXXIT — JUNO — M.Sisti

Class of cleanliness

@9 Radlopurlty control strategy

Enwronmentql control

Region 1
F ’\\ ﬂ« ' our requirement |
b UMY
\ -\ \ 1\\ / V
105 C H-.. fA ' f\/ | . |
; \\\// » | f
\/ | | |
Finish thorough sl I
10° cleaning onsite | AR S
: | LR i ']
| -
o L bottom of pool
[ | top of pool < Cargo shower installed
| Pressure in the hall:
negative = near ordinary
102 1 1 1 | | |
& 'b\& rﬁ“’\\ b\‘-bQ & Q)Q(} A
e @,{p g K ‘9@ ‘@m‘b




Photomultlpl ler

20012 20-inch PMTs
(17612 CD + 2400 veto)

Synergetic 20-inch and 3 1nch PMT systems to
ensure energy resolutlon and charge llnearlty

A - ,
RSN e A ¢ >

l-r /

=, 25600 3-inch PMTs

SS cover

+ 17612 large PMTs (20-inch)
+ 15012 MCP-PMTs from NNVT*
Clearance between PMTs: 3 mm 4+ 5000 dynode PMTs from Hamamatsu

- assembl recision: < 1 mm .
Y P + 25600 small PMTs (3-inch) from HZC
NOW MMXXIT — JUNO — M.Sistl *Northern Night Vision Technology:21
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1000

Photon Detection Efficiency

800

600

400

# of PMIs [/0.25%]

200

20

3 AlLL:Mean=29.6%, STD=2.6%
1 NNVT:Mean=30.1%, STD=2.8%
[ HPK:Mean=28.5%, STD=1.7%

1

30 35
PDE Corrected [%]

Dark count rate

40

200 +

(-

~

wn
T

# of PMTs [/1kHz]

0

o
o
T

I e
o N
S U
1 1

] ALL :Mean = 27.6kHz, STD =15.7kHz
] NNVT:Mean = 31.2kHz, STD = 15.8kHz

] HPK:Mean=17.0kHz, STD = 9.7kHz

with waterproof
potting

40 60 80
DCR [kHZz]
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100

Photomultiplier Tubes

All PMTs produced, tested, and
instrumented with waterproof potting

LPMT (20-inch)

SPMT (3-1inch)

Parameter Hamamatsu
Quantity 5000 15012 25600
Charge Collection Dynode MCP Dynode
Photon Detection Efficiency 28.5% 30.1% 25%
Mean Dark Count Bare 1o s w0 0.5
HEE® [[Lekla] Potted 17.0 31.2 .
Transit Time Spread (0) [ns] 1.3 7.0 1.6
Dynamic range for [0-10] MeV [0, 100] PEs [0, 2] PEs
Coverage 715% 3%
Reference arxiv: 2205.08629 | NIM-A 1005 (2021)
165347

12612 NNVT PMTs with the highest PDE are selected for
the CD; the remalining ones are used 1n the WCD

22



Calibration system

JHEP 03(2021)004

Strategy:
Automatic Calibration Unit ¢ ManY sources ( LS non- l inearity )
e Tunable photon source
ROV guide rail . . .
Calibration house ’ (electronics non-linearity)
oo e | g e Many locations (detector non- 4
Side cable © . . -
spoc spool 5 uniformity) 961 g : Data
8 0.94f—---/-- M — Best fit
l- |-I" — --§ E 1570g
0.92— d8BGe T T
gg:ﬂml ”ITl - - - 2: . . | T | Y 1 . | - L |
S Bridge « Different tools deployed for detector calibration: 0.2¢
f L\l 1 * 1D: Automatic Calibration Unit (ACU) LY
AURORA Q  2D: Cable Loop System (CLS) and Guide Tube § _ ! . ’
) Calibration System (GTCS) s OF v JoTo T
— % * 3D: Remotely Operated Vehicle (ROV) @ o e
@ « Auxiliary system: Calibration House, Ultrasonic Sensor < [ l 1 I l l l
‘% System (USS) CCD and A unit for Researching Online L T e e e e
Soulos LSc tRAnsparency (AURORA) True gamma energy [MeV]
Q 1.08¢
(7% & = .
@, & 1.07 === ===~ Uncertainty <1 S
%, v o;\"' 1.06
%/ / Qbé'\, 8‘|.05
7 R\ 5 . £1.04
*@@ s e Calibration house and ACU producedY,g
3 Q7 : : JERK : 21 00
6}% 0\0\“\0 ° Flnal rellablllty teStS OngOlng - 1.015_ ______________________ Inhergnt nonlinearity
& e Tnstallation of different systems | R et ncartahy
1s being prepared on-site ggéﬁfiffé ........ e T
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3 4 5
True electron energy [MeV]



JUNO-TAO detector

5100 ) ) | - | | ) _ _ arXiv: 2005.08745
) ‘ e 2.8 ton Gd-LS (1 ton fiducial volume) in
= acrylic vessel
» o o o & o e 10 m2 SiPM with 50% PDE for light detection
Witar ok : on a spherical copper shell (~94% coverage)
» o ® o P e Operated at -50 °C
| e 4500 p.e./MeV
o o * 30 m from Taishan core (4.6 GWih)
§ § = e 30x JUNO event rate
R i I Vo oS e High energy resolution:
v : ““.; 2.0
LN L a —e— Central
[5G » - | —4— Calib. by gigeal
1.6- —+— (alib. by g,
© g 1.4 - With vertex smear
L
S 1.2
22100 10
arXiv: 2204.03256
B I |8 0.8+
Cu __*‘_ ~ : CW"C 9:.%
M ; —\ § 0.05 Ftw
< _o.05 ti i i —1——m—7moDoH—om—1—->"—
e s | 1 2 3 4 5 6 7 8 9
> ;'___Mf_;,_.____. . . ) j E\;,)ilsompl [MeV]

Surface not treated yet ™ 1:1 prototype ready by the end of the year QIHEP
NGWMMXXI — JUNO — M.Sisti o



JUNO-TAO detector

Physics potential

&—
>
2
%
£
<

+ Precise measurement of antineutrino spectra

Reactor antineutrino spectral shape uncertamty

0.10 ] | ] 1 l | ] | I 1 | | | | 1 1 | | | I | 1 l | | | I | |
| —— TAO-based (arXiv:2005.08745) i
| —— DYB-based (Phys. Rev. Lett.123, 111801) i
> 0.08 [t ——— Model-based (Phys. Rev. Lett. 112, 202501) -
< | ---- JUNO Yellow Book (J. Phys. G: 43 030401) ]
©
£ 006l B
o 0.06 |-
e f —
- i |
Y004 -
g | |
[ - — -
C 0.02 - -
! | 1 | I | ! | I | | | I | 1 | | | l 1 | 1 I | | l ! I 1 | 1 |
0.00 1 2 3 4 5 3) 7 8

Visible Energy [MeV]
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+ Sterile neutrino searches

............ | O S R -

1= JUNO-TAO 90% C.L.
|—NEOS 90% C.L.

— Daya Bay 90% C.L.
-==JUNO-TAO 99.7% C.L.

- == PROSPECT-199.7% C.L.

............... ;.......;.....l....l...l..l,..tl. SNSRI [SUSSURN VRN NN NI O

................................................
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For topics not covered here, please refer to PPNP 123 (2022) 10392
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() Wwhat’'s new for oscillation analysis

® JUNO s
AN Original JUNO estimates: JPG 43 (2016) 030401 (“Physics Book”)
/wgy 5 km>.  Taishan NPP
;T . 2X4.6 GW,,
Yangjiang NPP  / "\ . TAO .
6X2.9GW,, / -°. E 1. Only 2 reactor cores at Taishan - 26% | less power

ol (from 35.8 to 26.6 GWth)
-------------------------------------------------------- 2. JUNO experimental hall ~30 m shallower - 33% 7T higher

8 reactors ) ~650 m overburden .
26.6GWy, <7 700 m cosmic muon flux (from 3 to 4 Hz)
“52.5km -
JUNO

1. Improved energy resolution, from 3% to 2.9% at 1 MeV (3% 1)
%+ Increased PMT photon detection efficiency (after mass testing)
<+ Improved understanding of the PMT optical model
¢ More accurate simulation of the detector geometry

2. Improved muon veto efficiency, from 83% to 91.6% (10%71)

3. Improved reactor spectral shape uncertainty from combined
analysis with TAO

4. Updated values on the expected backgrounds and radiopurity of
the construction materials

NOEW MMXX]] — JUNO — M.Sisti 27
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0.22

Slgnal and background

Efficiency (%)

IBD Rate (day ™)

All IBDs 100
After Selection 82.2

57.4
47.1

Total background rate: 4.11 /day (~9%)

— 107" —————
0.2 . i === Geoneutrinos == LiHe
- - -: w Accidentals ' — C( n] ‘0
018F 3 G — Global Reactors ~— Atmospheric NC
— — ; 1072 —Fast Neutrons
' L (O : e s . 5
= 0.16F &, :"1":2'1' « T T
L — N o
— - o TR SR e = 1_ ....... e
> O.T 4 - - Q _3 -3 .‘.’. T ..::::::::: T -
o — ‘g 10 i g 1%”? ma 1 ......... o
2 0 .T 2 . 3 0 -uu-:.--.:-n- i ||'| o)
N L TEE RN 1 SRR B0 OCEIEERLS, BRI S w
- N s SN e -
S 01 W= e
= 1 19 2 25 3 35 4 45
..”‘_:.’ 0.08 Visible Energy (l\gleV) .
o 006 : E — |BD Signal

0.04 H— «o.... — |BD + residual BG
0.02 ' ' ' ' '

2 4 §) 8 10 12
Visible Energy [MeV]

Accidental background mainly due to natural
radlioactivity 1n detector components.

Background reduction strategy:

e careful material screening and selection
e meticulous Monte Carlo simulations

e accurate detector production handling

Main selection cuts:

e Fiducial volume: Ris < 17.2 m

Energy threshold: Eyis > 0.7 MeV
Time correlation: ATpq < 1 ms

Spatial correlation: ARpgq < 1.5 m
Muon veto (Temporal®Spatial)

JHEP 11(2021)102
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Neutrino Mass Ordering

Reactor v, signal IBD event number (x10°) For details, follow the talk of

0.0 05 1.0 1.5 2 0 7 5 30 Diana Navas on Friday'’s parallel session!
6 I I — I — I — I — I — I — j ]
i JUNO SimUIatiOn Preliminary ”””””””””””””” _ Impact of Systematics
- 5¢ T e -
e ;- 2 ot -E Ain stat. + 1 syst.
B m Statistics 11.3
e ul B — - HEEEEE
N>§ : : Stat.+Flux error -0.6 -....[
é : : Stat.+Backgrounds -1.4 -...-_
3 e e o o e e A A e o o o o o o o o o o o o o o o o o o o o T o o o o o o o o o o o o o o o o — —
i _ _____ NO: stat. Only ] Stat.+Nonlinearity -0.4 -....[
i JUNO+TAO _ | : i Lt +Others <.
N NO: stat.+all syst. - Stat.+0th 0.05 --....
Y 2 Bk |O: stat. only i} Total 5.0 ....[]
B — 10: stat. +all SySt' _ JUNO Simulation Preliminary © 2 4 6 8 10 12
1= 0 v e e
0 2 4 o) 8 10 12 14 16 18 20

Paper 1n preparation

JUNO exposure [yearsx26.6 GW,]

JUNO sensitivity on neutrino mass ordering: 30 (reactor only) i1n ~6y with 26.6 GWin

Estimation with combined sensitivity reactor + atmospheric neutrino analysils 1s under preparation
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&) Neutrino Oscillation parameters

100 days 6 years 20 years
i : i — Stat.+syst. |
: e Stat. only
i . @ Amh % Am
101 :. E S | Sin2912 b 4 Sin2913
i
1

(-
o
o

Relative Precision [%]

C...

"

~

"

"
-~
......
-
L)
“a
“a
-

10_1 :— i o """ﬂ-.:l.._,'ww' ....... —.“_h'_'?— -
10-2 Best measurement forithe foreseeable future
— | | | | | . | 1 LI | | | L1 1 -]
102 103 104 10°

JUNO Data Taking Time [days]
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For details, follow the talk of
Diana Navas on Friday’s parallel session!

e Percent precision on Am23;/Am2;; in ~100d

e Precision on sin2di2, Am23;, Am2;; < 0.5%
1n 6y using reactor neutrinos

e Measurement of sin2di,, Am2;; also with
8B solar neutrino (next slide)

e Solar neutrino oscillation parameters
with neutrinos and antineutrinos in
only one detector!

arXiv 2204.13249
- accepted for publication
by Chinese Physics C
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@ Solar neutrinos (Eyvis >2 MeV)

Model independent measurement of 8B solar neutrinos at JUNO

~200 tons 13C in JUNO: observation of

8B solar v via NC and CC on 13C

= 1500 —Total - g, ]
S g3 ' ewone 1S — v, BCCC - ES: Chin.Phys.C 45(2021)023004
s CE %Y TR oS k= +-ES i ES+NC+CC: in preparation
E (2 g 10 — |sotopes —
o % ]
2 10 5 ] Expected precision in
0 0 .
3 1 2 h 10 years:
- - 1 |* 8B flux: 5% JUNO

107" Y - 3% JUNO+SNO

— Radioactivity & Isotopégs _
1 n—2 "I B | R A TN TN A B A A N e e A | O T A I 0 L | W — | '. i : '.I L1 '.I L1 '. [ ) Sin219 : +9%/_ %
054 6 8 10 12 14 16 18 20 6 8 10 12 v ‘111415 16 M VIJS L2 |
Visible cnergy [McV| IS1IDIC ENCIgy [IvVIC . 4272
_ o Prompt signal of the prompt-delayed ® Am2p1: *27%/_175
Single visible signal channel pair signal channel

e § Channols Throshold Sional Fvont numbors

. Unprecedented: 5

; ; MeV] 200 kt xyrs| [after cuts

. threshold of : — \

: : CC ve +13C s e +13N (5 ;gnd) 2.2 MeV |e 413N decay 3929 647 » Correlated events

. 2 MeV for ES : Ny | PR o , "

NC vy +183C — vy =13 C(27;3.685MeV) 3.685 MeV v 3032 738 } .

- 2 : — Singles events
ES Ve +€ — gy + € 0 e 3.0x10° 6.0x10%
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&) solar neutrinos (Evis <2 MeV)

Intermedlqte energy solqr neutrinos: 7Be, pep, CNO

0.45 MeV < E < 1.7 MeV

—

1013

10" [ pp [+ 0.6%] Db =S . . . . -

10" Different radiopurity scenarios considered:
= 10" Be [+ 6%]
“.lg 10° nep [ 1"34_,] (B 10K BOYC)(LWO PhaSC—! l d L BOYC)(LV\IO Phase ”l
5 D contamination __ ea contamination P
2 10 e . B e e e T = - b
3 100 MLALM UM regquirement - EOY’&KLM ’Phase-
S oo “1 'BGISﬁLLVLE
8 o T for NMO measurement contamination

10°

10°

- e Paper 1n preparation
b Neutrirlo energy [MeV] i
Exposure [kt y] Exposure [kt y] Exposure [kt y]

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
= — T | Borexino ke 9 N — | | S T~ T |
>10 deal > Currewt best resuLt =
S B Baseline < ~ =l denhanby i £
£ I 277 | oo 10 14.8% — *g
§ Curvent best result | _ o . § . —— = 1 L :

-] -~ - B —— -
Q>) 1 v —e q>) I - — "%
e = ] — B - ®
< 1 = Borexino-like o Borexino-like
S F = 1 3 1F —— idea 2 101 —— Ideal
2 - - - "Es' s — Baseline o .
© Dy - - oo O -~ Baseline
lqﬁ % i : o = pep-L as fYCC pavameer — — Borexino result
I~ 1 | | l | l l l | . Q. | | ' —  Borexino resul. O 1 ! | 1 1 ] | ! ]
Time [y] Time [y] ime [y]

NOW MMXXI] — JUNO — M.Sisti

32



* Not yet observed

e Expected few Ve/y

e Maln backgrounds:

e ITntegrated flux of all Supernova (SN)
explosions 1n the visible Universe

+ IBD from reactor v (.

5 > 10 MeV)

+ NC interactions from atmospheric v

e Accurate background

discrimination

Sensitivity improvement by:

evaluation

(reduction from 0.7/y to 0.54/y)

e Tncreased signal efficiency from
50% to 80% thanks to pulse shape

e Better DSNB signal model

DSNB discovery potential: 3o in 3 yrs with reference model

NOW MMXXI] — JUNO — M.Sisti

) Diffused Supernova Neutrinos (DSNB)

=== R (0)=0.510" yr! Mpe™

Recsn(0) = 1X107 yr! Mpc” <

(0)=2x10" yr' Mpc™

4

- R\ CSN
b_‘t Lo 50%—30%

- 6k 30%—20%
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Sensitivity [C]
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arXiv 2205.08830
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Outlook...

Civil
construction
‘ 2022

2015 | now cue O\Md SE&’j &MMQC&Q
Detector
construction
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@ Veto Water Cherenkov detector

~650 m rock overburden (1800 m.w.e.) - residual u rate 4 Hz (mean u energy: 207 GeV)

Ultrapure water system

> 6000 m2 liner

35 kton of ultrapure water serving as passive shield and Water Cherenkov detector
e 2400 20-1inch MCP PMTs, detection efficiency of cosmic muons larger than 99.5%

e Keep the temperature uniform and stable at (21%x1) °C

e Quality: 222Rn < 10 mBg/m3, attenuation length 30~40 m

e 5 mm liner covering the pool wall as Rn barrier
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NOW MMXXII

Veto - Top tracker

50%  95%

o

-

o
l

=
= T
5 » JUNO preliminary
© Le o
€ 008le %
A
A A
006" |y § - 0.2°
N ' AD - 20 cm
0.04 : |
b °
. O
A :
0.021- Y
i
R .
008502024 06 08 10 12 T4 7158 718 20

Opening Angle true-reco (°)

Plastic scintillators refurbished from the OPERA experiment:
e Covering about 50% of the top of the water pool

e Three scintillator layers to reduce accidental coincidences
e All scintillator panels arrived on-site 1in 2019

e Precision muon tracking

e Study of cosmogenic background

— JUNO — M.Sist1i
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Custom HV (JINR)
(0-3kV)/300uA

o=
Ve
it

1.5-2m cable

AE

VV || VWV

> >
A

28

A

FPGA

HV+Signal
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2G
for

swoust| 3 large PMTs per UWB

ustom ADC (Tsinghua)| FPGA for Trigger and

C
12bit, 1Gsps

Under Water Box
Global Control Unit

Signal Processing

Up to 80m CAT5e
+ low impedance
power cable

Sync link

Up to 80m CATS

Async link

Underwater boxes (UWB) for
better signal-to-noise ratio

Under-water connectors
Toward PMTs

CLK .’
Back End Card
TRG
Gbit
Enterprise | — DA S
Switch Q ~~ heat sink

Large PMTs:

e 1 GHz sampling
e Dynamic range: 1 - 4000 PE
e Noise: < 10% @ 1 PE

e Resolution: 10%

e Failure rate: < 0.5

Small PMTs:

j Front-End board

/ » UnderWater Box

128 small PMTs per UWB

e Always 1n photon counting mode in 1~10 MeV range

Electronics assembly ongoilng




Change

Light yield in detector
center [PEs/MeV]

Energy resolution

Energy
resolution

Previous estimation
JHEP03(2021)004

1345

3.0% @1MeV

Photon Detection Efficiency

(27%-30%)

New PMT Optical Model

EPJC 82 329 (2022)

New Central Detector Geometries

+11% 1

W

JUNO Simulation Preliminary

— JHEP03(2021)004
— Now

— Resolution [%]
N

-]

Ratio

— Now/JHEP03(2021)004

O
©

2
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4 6 38 10 12
Visible Energy [MeV]

2.9% @ 1MeV
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e Core collapse SN emits 99% of energy

in form of Vv

e Galactic core-collapse SN rate:

~ 3 per century

e JUNO will observe the 3 SN phases:
determination of flavour content,
energy spectrum, signal time evolution

e 200 keV energy threshold
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10 20 50
visible energy

IBD events in JUNO / ms

ES events in JUNO / ms

Burst

' ] L) L |

Detection channels in JUNO

Supernova (SN) neutrinos

Accretion

Cooling

' Al L

S Y S -

—_
)

=
%

S
P

S
=

Channel Type Events for different (E,) values

12 MeV 14 MeV 16 MeV
Uo+p—e¢" +n CC 4.3 x 10° 5.0 x 10° 5.7 x 10°
VAP — U+ P e— NC 0.6 x 104 1.2 x 10° 2.0 x 10°
V4+e —uv+e ES 3.6 x 10° 3.6 x 10° 3.6 x 10°
v+ 12C - v 4 2C* NC 1.7 % 102 3.2 x 102 5.2 x 102
v + 1°C — e= + 2N CC 0.5 x 102 0.9 x 102 1.6 % 102
7.+ "C—e¢"+ "B CC 0.6 x 10? 1.1 x 10° 1.6 x 102
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Atmospheric neutrinos

EPJC (2021) 81:887

° Elrst measgrement.W1th LS: can give § ; 100 MeV F "0
important inputs i1in the 100 MeV - 10 GeV £ L S
energy range, where current measurements 3 - V, g
show discrepancies o g
1035_ 1035—
e Analysis focus on fully contained CC events [ ... nkkwiav, Fioxwioosc) S HKKM14 v, Flux (wio osc.)
= Muon/electron flavour distinction based m@‘;‘WWMWWWWM> o[ T HKKMI4 v, Flux (w/ osc)
: : : - This work (5 yrs) v, S i
on hit time (by 3-inch PMTs) : Sworc Gys) = b ThisworkGyrs),
- Ve and v, spectra reconstructed with ., 1o o e T e
C : = 13 S 14
precision of 10% to 25% in 5 years 2 At —————— - SR S I N Y ——
" 8¢ X3
02 0.4
= o E r e - B | B v — °-§_ ..........................
& E ! b 10g,, (E, ] GeV) o g Ercev)
O | S —
.g 10—2 —"_ -‘—,.-' .
> = . .
8 E g suno-Thisworkisyrs s, e Sensitive to NMO and 323
S ook § remresmy e NMO determination through matter effects
SRl ovipi v widney e Sensitivity to NMO complementary to that of
ol N Thswork 5 vr reactor neutrinos = possible improvement of
=3 - This wo yrs) v, \ \ , \ . .
= F SuperKamiolando 016 , the sensitivity by a combined analysis 1s
- réjus 1995 v,
— meeee- HK:(M14 v, Flux (w/o 0sc.) under Study
105 — HKKM14 v, Flux (w/ osc.)
i 1 1 1 I L 1 1 1 l 1 1 1 I | 1 1 l 1 1 1 L
-1 -0.5 0 0.5 1.5 2
Iog10 (E, /GeV)
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Geoneutrinos

Geo-V as a tool to explore the
composition of the Earth and to
estimate the amount of radiogenic
power driving the Earth’s engine

80— *Pb+4+8a+68 + 6.
2821 —  208ph + 6 + 48~ +4v,
WK 4°Ca+;’5’_ + Ve

PPNP 123 (2022) 103927
JPG 43 (2016) 030401
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| year simulated data

7 8 9 10

Signal

Reactol ®

9Li 8He
Accidentals
Fast Neutrons °

W W

Visible energy [MeV]

Expected ~400 IBD/y, larger than all
accumulated geo-v events until now:
(KamLAND+Borexino) ~230 events

Challenge: reactor-V background,
~40 times larger

Precision on the measured flux will go
from 13% i1n 1 year to 5% in 10 years
(current precision ~16-18%)

Sensitive to Th/U ratio at percent level

Interdisciplinary team of physicists and
geologists at work to develop a local
refined crust model (required to get
information on the mantle)
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Proton decay

* Two possible decay channels: o Py Bt e+ + Vy + Ve
ST 12 ns EEE—
O
p-on’+et (favored by GUT) 5 b 2.2 us
p->K +v (favored by SUSY) er
- -
» Current best limits set by the Super- “F K
Kamiokande experiment 10 102 10° 104
. IS INVISI ' . . . Hit Time [ns
Kaon is invisible in a water Triple coincidence signals: [ns]
Cherenkov detector 1. T,.» =105 MeV - 7, = 12.38ns
. nd.
» JUNO will focus on the K decay mode 2" Ty = 152 MeV/Eq g0 = 494 MeV
to take advantage of the LS technique 3 2.2ps — Michel electron
HitTimeSingle-StartPoint KMreffunc
500l - —— SPMT Time Output
200| pr ___ Double Pulse Fit
180 -- Rec. First Pulse
. 11510 = 1 e N .
Expected sensitivity: 140 Rec. Second Pulse

8.34x1033 y (90% CL) 1in 10 y 120
on the proton half-life 100

80|
60[
PPNP 123 (2022) 103927 o
JPG 43 (2016) 030401 28: Ty T I e R
1 10 0P 10° % 20 40 60 80 100 120 140 160 180 20C
hit time (ns) Time (ns)
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Large PMTs

Two types of 20-inch PMTs

Dynode Hamamatsu
5000 in CD

MCP (multichannel-plate) NNVT
12612 in CD and 2400 in veto

TRANSMISSION ONLY

photoelectron dynodes
AN v \\
\\_ / -
\
Radiation . ¢ 4D secondary
h» B, S0 ik | electrons
/ : \\
Photoemissive cathode’” | : ~
! ! anode
: : o
high voltage (-) - AN/ — A AASHAAS AN currgnt-to-voltage
500-20C0V C 4‘ I ” l ! ampﬂzior
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ANSMISSION + REFLECTION
J

= photon
—

S *
Photocathode

f' Photoelectron AV ~ 200V
Dual MCP SN oV ~ 2000V
ANN
/| \\\\\
/ / | \\\ G e AV ~ 200V
{
ol \ \
Anode
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