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JUNO Site

The Jiangmen Underground Neutrino
Observatory in Southern China

2 .{\‘_.

>
!

e g f; ; k. s _,:,t, — ‘:'"’.-“"::'
: os {’“:lg "’iﬂ.’b"l 'v'. 'Th‘.’ o °'>:‘$ m \-m N «~:‘ B

¥ e 3

Iwan Morton-Blake | JUNO: Status & Prospects | PPC 2023 2



JUNO Site

“'7/ / el

‘ 1.3km tunnel |

1 Sloped Rallway

The Jiangmen Underground Neutrino
Observatory in Southern China

42°incline | =
G B W G Varis R

Iwan Morton-Blake | JUNO: Status & Prospects | PPC 2023 3



JUNO Site

Sloped Railway

e

N

i 1.3km tunnel |

_ /| 42°incline Y T
’z‘:d::g—~;.f4 ’ g2 = aads M2 sy A2
R I e V) S 22 ' . S

The Jiangmen Underground Neutrino
Observatory in Southern China

=3

i

& Ry RO =
Ly

Iwan Morton-Blake | JUNO: Status & Prospects | PPC 2023 4



JUNO Physics Goals

solar: 7.5><]0”5 eV

atomospheric: Primary Physics Goal:
2.4x107 eV? Determine Neutrino Mass Ordering (NMO)

atomospheric:

2.4x107 ev?

solar: 7.5><10'5 eV2

Normal Ordering Inverted Ordering
m; <m, <ms msy <my <m,
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JUNO : Reactor vV, v '\3“11?

LTS

Total thermal power of 26.6 GW

£ 08
=

306
atomospheric: o

3 .9 Q- 0.4
2.4x107 eV =

atomospheric: ; 0.2

2 4x1073 e V2 5 Optimal distance for v, disappearence
solar: 7.5x107 eV? « 0
10
Distance to reactor [km]
Normal Ol‘del‘ing Inverted Ol‘del‘ing (Survival averaged over reactor energy spectrum)
m<m, <msy mz <mg <m,
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JUNO : Reactor v,

Reactor v, Energy Spectrum Total thermal power of 26.6 GW

6 years of data taking —— No oscillations

Only solar term
—— Normal ordering
— |nverted ordering

©c o O
> oo ©

Events per 1 MeV

©
o

lsing 20
13 . . — .
Optimal distance for v, disappearence

Survival Probability

o

\\\\\\

10
Distance to reactor [km]

w (Survival averaged over reactor energy spectrum)

Py v, = 1 —sin® 20,3 (cos? 61, sin® Az; + sin® Oy, sin® A3,) — cos* O;3 sin® 260;, sin® Ay,
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JUNO : Reactor v,

Reactor v, Energy Spectrum

Total thermal power of 26.6 GW

6 years of data taking —— No oscillations

Only solar term
— NOIrMic

» Separate NO vs |10

» Precisely measure

y) y)
Am3.,Am3q, 04,

Events per 1 MeV

\\\\\\

10
Distance to reactor [km]

w (Survival averaged over reactor energy spectrum)

Py v, = 1 —sin® 20,3 (cos? 61, sin® Az; + sin® Oy, sin® A3,) — cos* O;3 sin® 260;, sin® Ay,
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Reactor v,

Detection of v,

Prompt event

:y: 0.511MeV v
\ ¥:0.511MeV| -~ 5 Inverse Beta Decay (IBD)

~10° suppression in random
background single events

~1NnsS « — = P
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Reactor v,

Expected Energy Spectrum

& -

Events/0.02 [MeV 'day ]

—— IBD Signal

104 .EEE@E‘SE‘EE?ES?iiiiiiiiﬁﬂiii. ‘méiEiFﬁﬂiiiiiiiﬂiiiEiﬂiiiiiiiiiﬁiiiiiiimiiiiiiiiiiiiiiiiiiiiiiii :
1 1.5 25 3 35 4 4,

=Re

Visible Energy (MeV)

IBD + residual BG

6
Visible Energy [MeV]

Benefits from:
» Light Yield
> Size

Excellent Energy Resolution

Needed to resolve fine oscillation structure | | Background: ~4.1/day

Reactors: ~47/day
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https://iopscience.iop.org/article/10.1088/1674-1137/ac8bc9

Bénefits froﬁu
+» Light Yield «
> Size e

e

Reactor v,

Expected Energy Spectrum

Expected Sensitivity

Reactor-only sensitivity to NMO

iii?saéiiiFﬁiiiiiiiiﬂii!Eiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiii :
25 3 35 4 4

2
V4

' Visible Elnerg‘,-' (MeV)

Sub-percent precision to oscillation params

—— IBD Signal
IBD + residual BG

PDG 2022 1.3% 2.4% 4.2%
JUNO 6 yrs ~0.2% ~0.3% ~0.5%

Visible Energy [MeV]

Excellent Energy Resolution Reactors: ~47/day
Needed to resolve fine oscillation structure | | Background: ~4.1/day
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JUNO Detector
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~650m
overburden

JUNO Detector

Acrylic Vessel
in radius

of liquid scintillator
LAB + 2.5 g/L PPO + 3 mg/L bis-MSB
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~650m
overburden

JUNO Detector

PMTs
20” + 3”

Acrylic Vessel
in radius

of liquid scintillator
LAB + 2.5 g/L PPO + 3 mg/L bis-MSB

Iwan Morton-Blake | JUNO: Status & Prospects | PPC 2023 14




~650m
overburden

JUNO Detector

Outer Cherenkov Detector

kilotons ultrapure water
20” PMTs

PMTs
20” + 3”

Acrylic Vessel
in radius

of liquid scintillator
LAB + 2.5 g/L PPO + 3 mg/L bis-MSB
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Cosmic muons thru CD ~3Hz ~650m

J U N O DEtECtO Ir Muon Veto > 99.5%

overburden

Top Tracker
Plastic scintillator layers [1]

Outer Cherenkov Detector

kilotons ultrapure water
20” PMTs

PMTs
20” + 3”

Acrylic Vessel
in radius

of liquid scintillator
LAB + 2.5 g/L PPO + 3 mg/L bis-MSB
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JUNO : Detector Comparisons

“JUNO physics and detector”,

e Drooress in Particle and Nuclear
Physics 123 (2022) 103927

18,000 +
26,000
~34% ~30% ~50% ~80%
~250 ~450 ~520 >1300
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https://www.sciencedirect.com/science/article/pii/S0146641021000880

JUNO : Detector Comparisons

JUNO:
Energy Resolution
3% @ 1MeV

“JUNO physics and detector”,

e Drooress in Particle and Nuclear
Physics 123 (2022) 103927

20
1900 2200 10,000 18,000 +
26,000
~34% ~30% ~50% ~80%
~250 ~450 ~520 >1300
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https://www.sciencedirect.com/science/article/pii/S0146641021000880

Installation

* Civil construction finished in Dec, 2021 i N e\ '*

* Completed Support Structure

* Ongoing PMT and Acrylic Vessel Installation e = e

* Detector completion expected by end of 2023 I\¢ > § >
& s/ X
L }\ : / i \ N x\\\
©/ U el
o W e
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JUNQ's Attributes

ldeal liquid scintillator detector has:

Size
Light Collection ]
Energy Resolution oW
&Y Backgrounds
+ Threshold

Important attributes are physics goal-dependent!
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JUNO Physics Programme

Fig. from [5]

Cosmological v JUNO

Supernova v

21 Reactor v

_—_ Background Supernova

Geoneutrir Atmospheric v

Cosmogenic
Y

0(10keV) — O(10GeV)

10° 10° 10" 10" 108
MeV GeV TeV PeV EeV
Neutrino energy

Wide range of measurable
neutrino energies + sources!
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JUNO Physics Programme

Fig. from [5] Reactors

-

o
[
5

JUNO

-

Flux (cm™s' sr”" MeV-')

-
(@]
Y

0(10keV) — O(10GeV)

10'° 10'° 108
TeV PeV EeV

Neutrino energy
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JUNO Physics Programme

Fig. from [5] Reactors
0-12 MeV

Reactor v

Geoneutrir

0(10keV) — O(10GeV)

10° 10° 10'° 10'° 108
MeV GeV TeV PeV EeV

Neutrino energy
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JUNO Physics Programme

Solar
0-16 MeV

Fig. from [5] Reactors

Reactor v

Geoneutrir

Geoneutrinos

0(10keV) — O(10GeV)

10'° 10'° 108
TeV PeV EeV

Neutrino energy
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JUNO Physics Programme

Supernovae Solar
0 ~ 100 MeV 0-16 MeV
Fig. from [5] m

eactor v

Background Supernova I

AL R

7

Geoneutrinos v

0(10keV) — O(10GeV)

10° 10° 10'° 10'° 108
MeV GeV TeV PeV EeV

Neutrino energy
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JUNO Physics Programme Atmospherics

0.1 - 100 GeV

Supernovae
0 ~ 100 MeV

Fig. from [5] Reactors

Supernova v

,—- Background Supernova

Reactor v

Geoneutrinos v Atmospheric v

0(10keV) — O(10GeV)

10° 10° 10'° 10'° 108
MeV GeV TeV PeV EeV

Neutrino energy
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JUNO Physics Programme Atmospherics

0.1 - 100 GeV

Supernovae Exotic Searches

0 ~100 MeV

Fig. from [5] Reactors

Supernova v

,—- Background Supernova

Reactor v

Geoneutrinos v Atmospheric v

0(10keV) — O(10GeV)

10° 10° 10'° 10'° 108
MeV GeV TeV PeV EeV

Neutrino energy
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Geoneutrinos : V.
Decay of radionuclides (U/Th/K) within the Earth

Expected Energy Spectrum

Dominated by
reactor v,

Event / 225 keV\/

78 e o
Visible energy [MeV]
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Bénefits froﬁu
+» Light Yield «

» Size
.

e
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https://www.researchgate.net/publication/269417607_Expected_geoneutrino_signal_at_JUNO
https://www.sciencedirect.com/science/article/pii/S0146641021000880

Geoneutrinos : V.

Expected Energy Spectrum

Dominated by
reactor v,

Event / 225 keV\/

78 e o
Visible energy [MeV]

» Measure U and Th abundances
» U/Th ratio in crust and mantle

Decay of radionuclides (U/Th/K) within the Earth

=)

Bénefits froﬁu
+» Light Yield «
> Size e

e

Probes : Earth’s formation, Mantle convection,
Plate tectonics, Earth’s magnetic field production
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https://www.researchgate.net/publication/269417607_Expected_geoneutrino_signal_at_JUNO
https://www.sciencedirect.com/science/article/pii/S0146641021000880

Geoneutrinos : V.
* Decay of radionuclides (U/Th/K) within the Earth

Bénefits froﬁu
+» Light Yield «
> Size

e

Expected Energy Spectrum

Dominated by _ .
reactor v, To date, total geo-v, candidates:

Borexino + KamLAND : ~200 events

Event / 225 keV\/

JUNO expects ~400 geo-v,

interactions per year

78 e o
Visible energy [MeV]

» Measure U and Th abundances j‘> Probes : Earth’s formation, Mantle convection,

» U/Th ratio in crust and mantle

Plate tectonics, Earth’s magnetic field production

Iwan Morton-Blake | JUNO: Status & Prospects | PPC 2023
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https://www.researchgate.net/publication/269417607_Expected_geoneutrino_signal_at_JUNO
https://www.sciencedirect.com/science/article/pii/S0146641021000880

Benefits from:
» Light Yield
> Size

Geoneutrinos : V.
* Decay of radionuclides (U/Th/K) within the Earth

Expected Energy Spectrum

Dominated by

6 year livetime:
reactor v,

6% stat. uncertainty (10)
(Fixed U/Th ratio)

...........

Event / 225 keV\/

geo-neutrino error(1c)

7 8
live time/years

Th/9.0 TNU

78 9 0
Visible energy [MeV]

~30% uncertainty in

» Measure U and Th abundances U/Th ratio in 10 years

» U/Th ratio in crust and mantle

02 04 06 08 1.0 12 14 16 1.8
U/30.0 TNU
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https://www.researchgate.net/publication/269417607_Expected_geoneutrino_signal_at_JUNO
https://www.sciencedirect.com/science/article/pii/S0146641021000880

. enefits from;
Core-Collapse Supernova Neutrinos htight il
» Size €

* 99% of energy released in (anti-)neutrinos of all flavours Vo o of

e ~3 CCSN per century in the Milky Way

Expected Event Rate (@10kpc)

IBD | V.+p—oet+n ~5000

">CNC, E'= 15.1 MeV

IBD, E{'= 1.8 MeV

E, dN/E,

NC | v+2C v 420" (T ,0)
- y(15.11MeV)

~300

100

E,4 [MeV]
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https://www.sciencedirect.com/science/article/pii/S0146641021000880

Core-Collapse Supernova Neutrinos

* 99% of energy released in (anti-)neutrinos of all flavours
e ~3 CCSN per century in the Milky Way

E, dN/E,

d “ . N &
Benefits from:
+» Light Yield «
> Size e

e

Expected Event Rate (@10kpc)

">CNC, E'= 15.1 MeV

._IBD. E\'= 1.8 MeV

IBD | V.+p—oet+n ~5000

NC | v+2C v 420" (T ,0)
> y(15.11MeV)

~300

50 100

E,4 [MeV]
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https://www.sciencedirect.com/science/article/pii/S0146641021000880

@ L )

. enefits from;
Core-Collapse Supernova Neutrinos htight il
2 Independent Trigger Systems: >, & o> )

> Global Trigger E, ~200 keV e -

» Multi-Messenger Trigger E, ~20 keV

MM Trigger

~20ko\ Expected Flux vs Visible Energy Expected Event Rate (@10kpc)

th_
v*©

12c NC, E"= 15.1 MeV

SN @ 10kpc

._IBD. E\'= 1.8 MeV

IBD | V.+p—oet+n ~5000

~
e

E, dN/E,

I » N ) 3 e A
= oy (S NC | v+ C v+ 0" (V) ~300
AN A A5 SN E— ‘5‘(‘_)‘*‘ - Y(15.11MeV)
Boost pES statistics E4 [MeV] Sensitivity to CEVNS | v+12 C - v +12 C
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https://www.sciencedirect.com/science/article/pii/S0146641021000880

Benefits from:
» Light Yield
> Size

Core-Collapse Supernova Neutrinos

* Rapid declarations of transient neutrino signals

Aim to contribute to Supernova Early Warning System (SNEWS)

Alert eff. vs SN distance

== = Nakazato, 13Mg, 10 === Nakazato, 30Mg, 10
Nakazato, 13Mg, NO Nakazato, 30Mg, NO

Alert effciency
o =
oo o

o
)]

(CCSN Monitoring
paper in preparation)

o
N

o
(N]

o
=]

300 400 500
Distance [kpc]
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https://www.sciencedirect.com/science/article/pii/S0146641021000880

Core-Collapse Supernova Neutrinos

* Rapid declarations of transient neutrino signals

Benefits from:
» Light Yield
> Size

Aim to contribute to Supernova Early Warning System (SNEWS)

Alert eff. vs SN distance

== = Nakazato, 13Mg, 10 === Nakazato, 30Mg, 10
Nakazato, 13Mg, NO Nakazato, 30Mg, NO Measu re CCSN
Energy Spectrum
+ Time evolution

Alert effciency

(CCSN Monitoring
paper in preparation)

30 M, CCSN:
» ~50% alert efficiency at 300kpc

» Alert Time @ 10kpc ~10

300 400 500
Distance [kpc]
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https://www.sciencedirect.com/science/article/pii/S0146641021000880

Diffuse Supernova Neutrlno Background

* Integrated SN neutrino signal in the Universe
* Low Flux — Use low background IBD channel v,

Expected Signal + Background

FV2
— DSNB
- RL 'IC'[OI v
*He
|:| F Ibt neutron
0 Atm-v CC
Bl Atm-v NC w/ e
.lz%ﬂn—vIQC\Nk)l]C

Expect 2-4 yr?
(w/o PSD)

o
—
X
——
=
O
N
g
. —
72
—
=
o
4
88

12 14 16 18 20 22 24 26 28
‘ Prompt Energy [MeV]

Avoid Reactor IBDs <12MeV Iwan Morton-Blake | JUNO: Status & Prospects | PPC 2023

~ Benefits from:
- 9> Light Yield«
S e ¢

e
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https://iopscience.iop.org/article/10.1088/1475-7516/2022/10/033/pdf#:~:text=We%20find%20that%20the%20prospects,than%205%CF%83%20after%2010%20years.

[OfgA :-.‘E-’

Diffuse Supernova Neutr

".'".;. :".-,' SR -:' Benefits from:

ino Background AR D
b o .. .49 Size

* Integrated SN neutrino signal in the Universe R

* Low Flux — Use low background IBD channel v,

Expected Signal + Background f‘> Expected Sensitivity vs Time

—_
o
N

FV2

— DSNB

(| I%cact&)r v

@ Li/ "He

] Fast neutron

0 Atm-v CC

Bl Atm-v NC w/ e
B Atm-v NC w/o e

BH: 0.40
BH: 0.27
BH: 0

yrs [MeV™']
>

—
o
[

DSNB
Expect 2-4 yr! Disc. Potential

(w/o PSD)

30 in 3 yrs with
nominal models

o]
| -
>
e
=
>
=
=
. —
b
=
Q
w2

o
—
X
——
4
O
N
g
. —
7]
—
=
1
4
83|

16 18 20 10 20 10 20

12 14 16 18 20 22 24 26 28 Running time [yr]
Prompt Energy [MeV]
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https://iopscience.iop.org/article/10.1088/1475-7516/2022/10/033/pdf#:~:text=We%20find%20that%20the%20prospects,than%205%CF%83%20after%2010%20years.

Benefits from:
> Backgrounds
> Size

> kight Yield

Solar Neutrinos

* Nuclear fusion within the sun produces v,

Expected Flux

Be [+ 6%)

Solar neutrino flux [cm? s71]

1
Neutrino energy [MeV]

Iwan Morton-Blake | JUNO: Status & Prospects | PPC 2023 39



B(‘enefits fran.'
»»> Backgrounds
» Size e
>" kight Yield

Solar Neutrinos

* Nuclear fusion within the sun produces v,

Expected Flux

High Energy B

LI LU ALALLLL LALLM AL LLALL II"IW IH"I" I\"II'I T

o
E
S

=
x
3
=
=}
c
=
B
>
o}
c
C
©
[}
w

'HI

1
Neutrino energy [ AeV]
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B(‘enefits froﬁu
»»> Backgrounds
» Size e
>" kight Yield

Solar Neutrinos

* Nuclear fusion within the sun produces v,

Expected Flux f‘> Expected Signal + Background

10 years data-taking

High Energy B

ﬂ TT |I'rH'I Y

— — -
o o <
[+-] o =

~ 2 = 3 o™ -4
TTTIT T T I"Tlﬂl T T T TV T T 1T HITW T

—Total
—v,RCCC
v-e ES
—v-PC NC
Reactor ES+NC
— Radioactivity & Isotopeg]

12 14 16 18 20
Visible energy [MeV]

Solar neutrino flux [cm? s71]

!
=
=
0
-
cu
=
«
7]
=
)
(]
—
=i
- p—
w
]
fom)
o
2
O
o=
O
s
O
]
Q.
%
[Sa]

1
Neutrino energy [ AeV]

(Would be first observation of 8B CC + NC interactions on 13C) 41



B(‘enefits froﬁu
»»> Backgrounds
» Size e
>" kight Yield

Solar Neutrinos

* Nuclear fusion within the sun produces v,

Expected Flux f‘> Expected Signal + Background :> Expected Sensitivity

10 years data-taking

1500

g 1000 Oscillation Measurement
. 35 4 45 10 years exposure
2 — Total ¢SB . 5%
| VeEs 0., : 8%

—v-"CNC 2
Reactor ES+NC . (0]
— Radioactivity & Isotopeg Amz 1 - 20 A)

10 12 14 16 18 20
Visible energy [MeV]

X )

High Energy B

Solar neutrino flux [cm? s71]

!
=
=
0
-
cu
=
«
7]
=
)
(]
—
=i
- p—
w
]
fom)
o
2
O
o=
O
s
O
]
Q.
%
[Sa]

1
Neutrino energy [ AeV]

(Would be first observation of 8B CC + NC interactions on 13C) 42



Solar Neutrinos Banefits from;
»»> Backgrounds
* Lower energy chains : Dependent on background levels N ﬁ A
- ' > kight Yield
* Probe the solar core — solar metallicity

Expected Flux

Lower Energy
Be [+ 6%) 7Be ep, CNO

—
o
l"l\.
E
=]
&
x
s
=
o
c
=
=]
S
o
c
=
«©
[]
%3]

1
Neutrino energy [ AeV]
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https://arxiv.org/pdf/2303.03910.pdf

Solar Neutrinos

Benefits from:
> Backgrounds
> Size

> kight Yield

 Lower energy chains : Dependent on background levels
* Probe the solar core — solar metallicity

Expected Flux :: > Expected Signal + Background
p.€. p.e.
800 1000 1200 1400 1600 1800 2000 2200 2400 800 10‘00 1200 1400 1600 1800 2000 2200 2400
. radiopurity —'Bev _ ——— |BD radiopurity —'Bev
6 years data-ta klng Baseline radiopurity — Pep v Baseline radiopurity — Pep v
6 Ideal radiopurity BN-v Ideal radiopurity BN-v

BX-like radiopurity — "°O-v BX-like radiopurity — O-v

TFC-Subtracted 103 \ TFC-Tagged
10% = 102

—
1

05 06 07 08 09 1 1112 13 14 15 1045 0.6 0.7 0.8‘0.9 1 1112 13 14 15
Energy [MeV] Energy [MeV]

Lower Energy
Be [+ 6%) 7Be ep, CNO

Events/p.e.

S
o
-
2]
=
c
[
>
i}

10 10

—
o
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E
=]
&
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=
o
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=
=]
S
o
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=
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1
Neutrino energy [ AeV]
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https://arxiv.org/pdf/2303.03910.pdf

Bt‘enefits froﬁu
»»> Backgrounds
» Size e
>" kight Yield

Solar Neutrinos

 Lower energy chains : Dependent on background levels
* Probe the solar core — solar metallicity

Expected Flux :> Expected Signal + Background :> Expected Sensitivity
800 1000 1200 1400p.$.600 1800 2000 2200 2400 800 1000 1200 1400p‘?600 1800 2000 2200 2400
. 107 radiopurity’ ~ —'Bev . —— IBD radiopurity’ ~ —'Be'v
6 years data -ta klng Baseline radiopurity PSED v Baseline radiopurity ?3953 v
10° L Ideal radiopurity N-v -V

! - . 15 _ Ideal radiopurity< N-v
BX-like radiopurity -V BX-like radiopurity
s 10°E

‘E, 10°
2 103 \ TFC-Subtracted

102 k= \
10

Lower Energy
Be [+ 6%) 7Be ep, CNO

Events / p.e.

TFC-Tagged

10.5 06 07 08 09 1 1112 13 14 15 05 06 0.7 0.8 09 1 114 12 1.3 14 15

Energy [MeV] Energy [MeV]

=
o
l"l\.

E
=]
&
x
s
=
o
c
=
=]
S
o
c
=
«©
[]
%3]

~0.2% ~0.5% (IBD)

1
Neutrino energy [ AeV]

3% 17% (IBD)
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https://arxiv.org/pdf/2303.03910.pdf

Atmospherics

* Would be the first liquid scintillator measurement of

E? ® [GeV cm? s'sr]

Reco/MC
0000 oo

-
1

atmospheric neutrinos through CC and NC interactions

Expected reconstructed energy spectra
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Benefits from:
> Size
»  Light Yield

Atmospherics

* Would be the first liquid scintillator measurement of
atmospheric neutrinos through CC and NC interactions

Expected reconstructed energy spectra :> Expected Sensitivity

Matter effects provide sensitivity to
Neutrino Mass Ordering
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NMO expectation:

HKKM14 v, Flux (w/o osc.) HKKM14 v, Flux (w/o osc.)
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0.7-1.40 in ~6 years exposure
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Complementary to the reactor NMO analysis
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https://arxiv.org/pdf/2303.03910.pdf

Proton Decay % &5 Sl
" > Light Yield
+ K™
K*" > u" +v,

Expected Sensitivity
12 10° 8.3x1033 years (90% C.L.)

Time Residuals [ns] in 10 years

Other decay modes also under investigation
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The JUNO Experiment
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21st JUNO collaboration meeting
February 2023, Kaiping

/5 Institutes, 18 countries
> 700 collaborators
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Conclusion

> JUNO, a 20kT liquid scintillator detector
First-rate size and energy resolution

> Diverse physics program : O(10keV) — O(10GeV)
* Reactor nu

e Geo nu

Solar nu

Supernova :
Nearby CCSN + Diffuse Neutrino Background

Atmospheric nu

Searches for new physics

» Detector construction progressing : completion expected end of 2023!
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Backup
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PMTs

20” and 3” PMTs : Waterproof potting + testing

Installation underway

15000x 20” MCP PMTs (NNVT) | 5000x 20” Dynode Hamamatsu

TTS (o) : 20" NNVT =7.0 ns | 20” Hamamatsu = 1.3 ns
3" HZC=1.6ns

[ ALL:Mean = 27.6kHz, STD = 15.7kHz [ ALL:Mean=29.6%, STD=2.6%

[ NNVT:Mean = 31.2kHz, STD = 15.8kHz Photon 1 NNVT:Mean=30.1%, =2.8%

~13,000 NNVT PMTs with the best PDE used for = Detection— R i)
Detector light collection Efficiency

e Rest used for outer water Cherenkov detector muon veto

=
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o wuv

Dark Count
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“Calibration strategy of the JUNO experiment”, Journal of
High Energy Physics volume 2021, Article number: 4 (2021)

Ca | i b ra t i O n am : e ) | ~ Calibration layout

0V guide rail

Central cable

* Multiple calibration sources with varied energies.

* Sources can be manoeuvred in 3-dimensions within the central
detector

*
Source

Radiation

0.835 MeV
1.173 + 1.333 MeV

1.461 MeV Electron non-linearity

annihilation 0.511 + 0.511 MeV
neutron + 4.43 MeV (12C*)
neutron + 6.13 MeV (1°0*)
2.22 MeV
4.94 MeV or 3.68 + 1.26 MeV

£
o
=
a
©
S
2
B
®
o

Inherent nonlinearity
Best fit

True gamma energy [MeV] Uncertainty

Gamma non-linearity

3 4 5
True electron energy [MeV]




JUNO TAU Near Detector

Near-detector to measure a reference reactor
spectrum for JUNO

2.8 ton Gs-LS, located 30m from one of the nuclear
reactor cores in Taishan

Acrylic vessel

10m? SiPM with 94% coverage
Operated at -50°C

50% PDE -> 4500 PE/MeV

-> Energy Resolution <2% @ 1MeV

Precise reactor v, measurements:
Search for sterile neutrinos
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https://arxiv.org/abs/2005.08745

JUNO TAU Near Detector

High precision measurement of nuclear reactor v, energy spectrum
Search for sterile neutrinos

|—uuno-TAC 90% C L.
|—nNEos g0% c.L.

—— TAO-based (arXiv:2005.08745) |—Daya Bayoo% c.L.
—— DYB-based (Phys. Rev. Lett.123, 111801) |
Model-based (Phys. Rev. Lett. 112, 202501)
JUNO Yellow Book (J. Phys. G: 43 030401)
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“Radioactivity control strategy for the
JUNO detector,” JHEP 11 (2021), 102

Detector com ponents

Acrylic Vessel : 12.4 4+ 0.4cm thick, >96% transparency for LS
emission spectrum

265 Acrylic sphere segments, each assembled, polished,
cleaned, then covered with PE protective film (to prevent
exposure to air, preserve <lppt radiopurity levels prior to
installation)

Stainless steel support structure (completed June 24)
Supports acrylic vessel, PMTs and electronics affixed to
Assembly precision <3mm

590 connecting rods — connects to acrylic sphere
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“Radioactivity control strategy for the
JUNO detector,” JHEP 11 (2021), 102

Ra d | O p U [l ty CO nt ro | “The design and sensitivity of JUNO's scintillator radiopurity

pre-detector OSIRIS”, Eur. Phys. J. C 81 (2021) no.11, 973

* JUNO will undergo water filling following by liquid scintillator

Scintillator

LAB purification: Water Water-Scint

* LAB storage -> Filtration -> Distillation -> Mixing -> Water extraction OSIRIS : 20 ton
-> Gas Stripping -> Radiopurity monitoring -> JUNO Central Detector Radioactivity monitoring system

 Target for IBD Analysis : 101> g/gLAB U/Th
* “Ideal” Target : ~10'7 g/gLAB U/Th
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