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Introduction JUNO/TAO Oscillations Summary Mixing Reactor v

MANDATORY SLIDE I: NEUTRINO MIXING

Weak and mass eigenstates differ:

Vo) = Z |u,

V3 O I I « — flavor states
Vo | [ ] i — mass states
Mixing parametrized by:
2% I — &P Y
® three mixing angles: 015, 63, 013,
Ve v Ve O . 'g g 12,623,013
® (CP-violating phase: Ocp.
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MANDATORY SLIDE I: NEUTRINO MIXING

Weak and mass eigenstates differ:

~013
‘ |VO& Z QI|V’

V3 O [ |

a — flavor states
V2 | | | i — mass states
U1 | I I | Mixing parametrized by:
Ve I v, 5 v ® three mixing angles: 012,053,013,
® (CP-violating phase: Ocp.

Pontecorvo-Maki-Nakagawa-Sakata (PMNS) mixing matrix:

v 0y3 = 45° established through atmospheric and accelerator experiments: possibly maximal.
v 015 = 34° established through solar experiments and KamLAND: large, but not maximal.
v 013 =~ 8° established by reactor: Daya Bay, RENO, Double Chooz.
® §cp unknown: NOvVA and T2K.
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MANDATORY SLIDE II: NEUTRINO MASS AND ORDERING

Mass splitting from oscillations

Vs =T ° Amj = (7.53£0.18) x 107> eV?
° |Am3,| = (2.42£0.06) x 107 3eV?
° |Am3,| /Am3, ~ 32
2 Vo T Neutrino mass
v v ® Mass limits, meV:
my> 0
m3# 0 oscillations
>.my,z 60
S m,< 120 cosmology Planck”
i m,,, <1100 direct KATRINY
Normal ordering
re@m Yu@m v-O {mgg)< 160 0vBp GERDA”
Miight< 440
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MANDATORY SLIDE II: NEUTRINO MASS AND ORDERING

Mass splitting from oscillations

1%
3 = ° Amj = (7.53£0.18) x 107> eV?
° |Am§2| = (2.42£0.06) x 103 eV?
2
Ams, o |Am3,|/Am3, ~ 32
22 Neutrino mass
m? 1Am?
v 12 :D:‘21 ® Mass |imits, meV:
mo> 0
m3# 0 oscillations
> m,> 60
S m,< 120 cosmology Planck”
} m,, <1100 direct KATRIN“
Normal ordering 160
re@m Yuw@m vrO™d {map) < Ovsp GERDA”
Miight< 440
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MANDATORY SLIDE II: NEUTRINO MASS AND ORDERING

Mass splitting from oscillations

v
3 = ° Amj = (7.53£0.18) x 107> eV?
* |Am3,| = (2.42+0.06) x 1073 eV?
2
Ams, o |Am3,|/Am3, ~ 32
® Mass ordering: is v lighter than v37?
) V2 I:I:I:I2 Vo T Neutrino mass
my, L Am3, L Am3, o Mass limit v
Vi T Ll ass fimits, mev:
mo> 0
m3# 0 oscillations
Amis S m,> 60
S m,< 120 cosmology Planck”
_ ) N —— my, <1100 direct KATRIN®
Normal ordering Inverted ordering 160
re@m Yuw@m vrO™d {map) < Ovsp GERDA”
Miight< 440
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«10* Reactor antineutrino spectrum and oscillations
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Mixing Reactor 7/

E Reactor antineutrino rate and oscillations x10* Reactor antineutrino spectrum and oscillations
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Mixing Reactor 7/

£ Reactor antineutrino rate and oscillations «10* Reactor antineutrino spectrum and oscillations
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Mixing Reactor 7/

£ Reactor antineutrino rate and oscillations «10* Reactor antineutrino spectrum and oscillations
+ 1< >
§ 1.0 0.8 NAmgz A sin? 2015 —— No osc.
. Y —— Near, scaled
. ,
i3] 0.6 1
(3]
[
= >
_TE 0.6 | §
2 i >
- & 2 0.44
2 &
o 0.4 L w
oo
]
= 0.24

0.2 L

No osc. == ~sin®20y;
= Full — ~sin®26, 0.0
0.0 . - . . . . . .
10! 100 10! 102 0o 1 2 6 8 10
L, km Eis, MeV
deficit value minimum location
1 P . 229 . 29 .2 Am§2L+ 29 2 2 Am%lL + . 229 40 . 2 AmglL
— . . = SIn sin sin® —— COs sin® ——— sin COos sin® ———
Ve—U 13 12 12 12 13

) e re 4E 4E 4E

Y “sin® Am2.L/(4E)
E s ~ E, — 0.78 MeV - ee

Maxim from JUNO (JINR)

Neutrino oscillations in JUNO

July 26,2021 5, /19



Introduction JUNO/TAQO Oscillations Summary

Mixing Reactor 7/

101 Reactor antineutrino spectrum and oscillations
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Mixing Reactor 7/

101 Reactor antineutrino spectrum and oscillations
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Integrated with reactor v, spectrum

Evis ~ El/

Reactor antineutrino rate and oscillations
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Challenges

® Unreliable antineutrino spectrum model:

® Energy resolution of the detector o < 3% at 1 MeV:

® Energy scale of the detector (uncertainty < 1%):
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x10?

Neutrino mass ordering

Mixing Reactor 7/

—— Normal ordering
Inverted ordering

Entries/MeV

® Change of oscillation period with ordering << energy resolution

3.0
Eyis, MeV

® Cumulative effect across the most energy range

E.is ~ E, — 0.78 MeV
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® Change of oscillation period with ordering << energy resolution

Introduction JUNO/TAQO Oscillations Summary

x10?

Mixing Reactor 7/

Neutrino mass ordering: op = 3% @ 1 MeV

—— Normal ordering
Inverted ordering

Entries/MeV

2.0

2.5 3?0
Eyis, MeV

® Cumulative effect across the most energy range

® Possible threat: fine structure in reactor 7, spectrum
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http://arxiv.org/abs/1407.1281
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OSCILLATION PHYSICS WITH JUNO

Reactor 7, at ~53 km 'y
® Rate: 45 7, /day
® Features: spectrum shape
® Parameters: Neutrino Mass Ordering

Am?,, Am3,, sin® 201,

PMNS mixing matrix unitarity

® Mass splitting sum

Yellow Book (2015) [1507.05613], JPG43]
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oY A

OSCILLATION PHYSICS WITH JUNO @
Reactor 7, at ~53 km 'y
® Parameters: Neutrino Mass Ordering (NMO)

Am;, Am3,, sin® 201,
Solar v, from ®B o0 =k
® Rate: 17 ve/day
® Features: rate, day/night asymmetry
® Parameters: Am3,, sin® 1o

| Solar ®B [2006.11760], CPC45|
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OSCILLATION PHYSICS WITH JUNO

Reactor 7, at ~53 km 'y

® Parameters: Neutrino Mass Ordering (NMO)
Am2,, Am3,, sin® 201,

Solar v, from ®B o0

® Parameters: Am3,, sin® 1o

Reactor 7, at 30 m “2

® Rate at TAO: 2000 7. /day

® Features: spectrum shape

® Parameters: Am?,, sin® 201,

TAO CDR [2005.08745]|
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OSCILLATION PHYSICS WITH JUNO

Reactor 7, at ~53 km 'y
® Parameters: Neutrino Mass Ordering

Am2,, Am3,, sin® 201,

Solar v, from ®B S
® Parameters: Am3,, sin® 1o
Reactor 7, at 30 m o
® Parameters: Am?,, sin® 201,
Atmospheric v, /7, ®
® 200 kton-years: 1233/1035 events
® Features: angular distribution

e Parameters: NMO, sin? a3 [ Yellow Book (2015) [1507.05613], JPG43]
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OSCILLATION PHYSICS WITH JUNO

Reactor 7, at ~53 km 'y

® Parameters: Neutrino Mass Ordering
Am2,, Am3,, sin® 201,

Solar v, from B &
JUNO potential in non-oscillation physics

next talk by Alexandre Gottel

® Parameters:

Reactor 7, at 3

® Parameters: Am?,, sin® 201,
Atmospheric v, /7, ®
® Parameters: NMO, sin? 63
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JUNO DETECTOR

More light — better resolution!
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JUNO DETECTOR

LS — Liquid Scintillator

More light — better resolution! LY — Light Yield

Target
® 20 kt LS
e Optimized LY

® Acrylic sphere

Maxim from JUNO (JINR) Neutrino oscillations in JUNO July 26, 2021 7, /19
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JUNO DETECTOR é@wé @

LS — Liquid Scintillator

More light — better resolution! LY — Light Yield

Target
® 20 kt LS <

e Optimized LY @

® Acrylic sphere

Support

® Stainless steel structure
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JUNO DETECTOR é@wé @

. . LS — Liquid Scintillator
More light — better resolution! LY — Light Yield
PMT — PhotoMultiplier Tube
QE — Quantum Efficiency
p.e. — photo-electron
Target
® 20 kt LS e

>
e Optimized LY

® Acrylic sphere

Light collection

e 18k 20" PMTs

e High QE: 29.6%
Support o 1350 p.e./MeV
® Stainless steel structure o 126k 3" PMTs
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JUNO DETECTOR =220

. . LS — Liquid Scintillator
More light — better resolution! LY — Light Yield
PMT — PhotoMultiplier Tube
QE — Quantum Efficiency
p.e. — photo-electron
Target PS — Plastic Scintillator
® 20 kt LS N

N
i Optlmlzed LY T 0 l

® Acrylic sphere

Coils Light collection
® Compensation of
the Earth Magnetic Field e 18k 20" PMTs
e High QE: 29.6%
Support o 1350 p.e./MeV
® Stainless steel structure o 126k 3" PMTs

Maxim from JUNO (JINR) Neutrino oscillations in JUNO July 26, 2021 75 / 19



Introduction JUNO/TAO Oscillations Summary Detectors Status

JUNO DETECTOR == )
(=)
. . LS — Liquid Scintillator
More light — better resolution! LY — Light Yield
PMT — PhotoMultiplier Tube
QE — Quantum Efficiency
p.e. — photo-electron
Target PS — Plastic Scintillator
e 20 kt LS _ Muon veto

® Top Tracker: 3 layers PS

e Optimized LY

® Acrylic sphere ® Water pool
Coils Light collection
® Compensation of
the Earth Magnetic Field e 18k 20" PMTs
e High QE: 29.6%
Support o 1350 p.e./MeV
® Stainless steel structure e 126k 3" PMTs

» Inverse Beta Decay (IBD) selection » Signal/Backgrounds
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o A
JUNO AND TAO DETECTORS @

JUNO

Attention Energy resolution o\,

Method Light collection /

Scintillator LS
18k 20~
PMTs 126k 3"
Coverage, % 78
Light col. p.e./MeV 1266 1350
o at 1 MeV, % 3
Detectors 1
Thermal power, GW 358 26.6
Baseline 52 km
35m /20 kt LS IBD/day/AD 60 45

Maxim from JUNO (JINR) Neutrino oscillations in JUNO July 26, 2021 8, /19
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JUNO AND TAO DETECTORS

TAO JUNO

segﬂ\eni ore PSS Attention Energy resolution o \

Filling port

2or Method Light collection /

feedthrougf Dark noise \/

| I3 Scintillator GdLS @ -50°C LS
(HDPE) 2| (HDPE) PMTS SIPM 18k 20”
SiPM array] : 15M 5 mm +26k 3
cusher Coverage, % 94 78
supeert Light col. p.e./MeV 4500 1260 1350
|HDPEE,::?:||;::§£IWE|I 610 OF at 1 MeV, % 2 3
Detectors 1 1

Thermal power, GW 4.6 358 26.6

17 :1_/"2_.6_{&15 Baseline 30 m 52 km
IBD/day/AD 2000 60 45
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JUNO AND TAO LOCATION

® JUNO — Jiangmen Underground Neutrino Observatory ® TAO — Taishan Antineutrino Observatory

China

g S

Taiskan NPP and

3 ;-.«-"-Y.éngjian NPP
Yangjian (YJ) Taishan (TS)
Thermal power, GW 2.9x6 4.6x42

Total, GW 26.6
signal
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JUNO AND TAO LOCATION

® JUNO — Jiangmen Underground Neutrino Observatory ® TAO — Taishan Antineutrino Observatory

China b i Daya Bay NPP:#
X e L ~and i et
Ling AQrN'PPS !

~ Hong Kong

Sl
=
-

Taiskan NPP and

¥ angjian NPP
Yangjian (YJ) Taishan (TS) | Daya Bay/Ling Ao  Huizhou (HZ) World
Thermal power, GW 2.9x6 4.6x42 2.9x6 2.9x6

Total, GW 26.6 17.4
signal background
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CIVIL CONSTRUCTION @

v/ Civil construction: done.

o
o

Maxim from JUNO (JINR) Neutrino oscillations in JUNO July 26, 2021 10, / 19



Introduction JUNO/TAO Oscillations Summary Detectors Status

CIVIL CONSTRUCTION

v/ Civil construction: done.
v/ Underground lab: done.

v Installation: soon.
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Introduction JUNO/TAO Oscillations Summary Detectors Status

JUNO SCHEDULE

l
o1 L3
HEoo
Complete con- %i e
ceptual design. End of civil é’}
International Bidding of PMT mass construction. — |
collaboration detector production Electronics mass ¥ Start of
established. components. and testing. production. data taking
Start civil con- Start PMT mass Start PMT PMT installation.
struction, PMT production. potting. Detector
production line. First electronics and veto
prototypes. construction.
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Oscillation physics
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L iessien JUNOYTRG) @esllemns Swaney S
SENSITIVITY TO NEUTRINO MASS ORDERING %@

Future neutrino mass ordering sensitivity

-1

git.jinr.ru/nu/osc

Median sensitivity, o
(1

v1.0 2020.08;

0 A A A
2020 20.22 20.24
JUNO ORCA
IceCube INO*

20?26 I 2(#28 2030 2032 2034 2036 2038 2040
DUNE | PINGU*  Year
T2HKK*

Yellow Book (2015) [1507.05613], JPG43
JUNO+IceCube [1911.06745], PRD101

o «F = =, E[= DaC
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http://arxiv.org/abs/1507.05613
http://arxiv.org/abs/1911.06745

Introduction JUNO/TAO Oscillations Summary L Qo

SENSITIVITY TO NEUTRINO MASS ORDERING

Future neutrino mass ordering sensitivity

9

DUNE T2HKK*

-1

Median sensitivity, o
o

w

1 >

0
2020 2022 | 2024 2026 W 20;28 2030 2032 2034 2036 2038 2040
JUNO | ORCA | DUNE | PINGU*  Year
lceCube  INO*  T2HKK®
0 T2HK

v/ JUNO alone, 6 years: ~ 30

v/ +external constrain on Am3,: ~ 4o

. . . . . VYellow Book (2015) [1507.05613], JPG43
v/ Combined with accelerator or atmospheric experiment: > bo JUNO-tIceCube [1911.06745), PRD101

— sensitivity boost due to tension for wrong ordering
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Introduction JUNO/TAO Oscillations Summary L Qo

SENSITIVITY TO NEUTRINO MASS ORDERING

Future neutrino mass ordering sensitivity Changes since 2015
9 V Less favorable Am3,
DUNE TsHKKS v No TS-3/4 cores less signal

-1

w

Median sensitivity, o
IS

1 >

0

2020 2022 | 2024 2026 ]“ 20;28 2030 2032 2034 2036 2038 2040
JUNO | ORCA | DUNE | PINGU*  Year

T2HKK"

IceCube NO TOHK
v/ JUNO alone, 6 years: ~ 30
v/ +external constrain on Am3,: ~ 4o

. . . . . VYellow Book (2015) [1507.05613], JPG43
v/ Combined with accelerator or atmospheric experiment: > bo JUNO +lceCube [1011.06745], PRD101

— sensitivity boost due to tension for wrong ordering
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SENSITIVITY TO NEUTRINO MASS ORDERING

9

Median sensitivity, o
ot -1

w

1

Introduction JUNO/TAO Oscillations Summary L Qo

Future neutrino mass ordering sensitivity Cha nges since 2015

DUNE

V Less favorable Am3,

TsHKKS v No TS-3/4 cores less signal
A Consider LS nonlinearity

A U, spectrum by TAO

T2K+SK

>

0
2020 2022 @ 2024

2026 | 2028 2030 2032 2034 2036 2038 2040

JUNO ORCA DUNE PINGU* Year
lceCube  INO*  T2HKK®
T2HK
v/ JUNO alone, 6 years: ~ 30
v/ +external constrain on Am3,: ~ 4o
. . . . . Yellow Book (2015) [1507.05613], JPG43
v/ Combined with accelerator or atmospheric experiment: > 5o JUNO-tIceCube [1911.06745), PRD101

— sensitivity boost due to tension for wrong ordering
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Introduction JUNO/TAO Oscillations Summary @“ O ow o

SENSITIVITY TO NEUTRINO MASS ORDERING

Future neutrino mass ordering sensitivity Cha nges since 2015

9 V Less favorable Am3,
. PUNE THKC v No TS-3/4 cores less signal
g A Consider LS nonlinearity
EJ A U, spectrum by TAO
%‘; v Lower overburden 30% more
' A PMT QE 27%—29%

1 > A Higher LS light yield

A

0 y PMT optical model
2020 2022 | 2024 2026 {20‘28 2030 2032 2034 2036 2038 2040

JUNO ORCA DUNE | PINGU* Year
T2HKK*

IceCube O TOHK
v/ JUNO alone, 6 years: ~ 30
v/ +external constrain on Am3,: ~ 4o

. . . . . VYellow Book (2015) [1507.05613], JPG43
v/ Combined with accelerator or atmospheric experiment: > bo JUNO +lceCube [1011.06745], PRD101

— sensitivity boost due to tension for wrong ordering
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Introduction JUNO/TAO Oscillations Summary

*Q»

SENSITIVITY TO NEUTRINO MASS ORDERING

Future neutrino mass ordering sensitivity

9 v
DUNE T2HKK*
o A\
=
s ] il A
Bs Zall— A
i e TNk
3 ‘ v
=3 INO
T2K+SK A
1 i A
0 A
2020 2022 | 2024 2026 | 2028 2030 2032 2034 2036 2038 2040
JUNO ORCA DUNE PINGU* Year A
lceCube  INO*  T2HKK”
T2HK
v/ JUNO alone, 6 years: ~30 Y
v/ +external constrain on Am3,: ~ 4o
v/ Combined with accelerator or atmospheric experiment: > bo

— sensitivity boost due to tension for wrong ordering

Maxim from JUNO (JINR)

Neutrino oscillations in JUNO

s

Changes since 2015

Less favorable Am3,
No TS-3/4 cores

Consider LS nonlinearity

less signal

U spectrum by TAO
30% more p
27%—29%

Lower overburden
PMT QE

Higher LS light yield
PMT optical model
No HZ cores

World reactors

J background
1 background

Yellow Book (2015) [1507.05613], JPG43
JUNO+IceCube [1911.06745], PRD101
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Introduction JUNO/TAO Oscillations Summary

SENSITIVITY TO NEUTRINO MASS ORDERING

Future neutrino mass ordering sensitivity

*Q»

9
DUNE T2HKK*
.
>1
s ] il
[ >~ o T
27 e TNk
=3 INO
T2K+SK
. 0

0 y
2020 2022 | 2024 2026 | 2028 2030 2032 2034 2036 2038 2040

JUNO | ORCA | DUNE | PINGU*  Year
IceCube 0« T2HKK*
0 T2HK

v/ JUNO alone, 6 years:
v/ +external constrain on Am3,:

v/ Combined with accelerator or atmospheric experiment:
— sensitivity boost due to tension for wrong ordering
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Neutrino oscillations in JUNO

~ 30

~ 4o ¢

> bo

s

Changes since 2015

A\
A\
A
A
A\
A
A
A
A
A\

Less favorable Am3,
No TS-3/4 cores
Consider LS nonlinearity

less signal

U spectrum by TAO
30% more p
27%—29%

Lower overburden
PMT QE

Higher LS light yield
PMT optical model
No HZ cores J background

World reactors 1 background

> Dedicated publication in 2021

Yellow Book (2015) [1507.05613], JPG43
JUNO+IceCube [1911.06745], PRD101
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Introduction JUNO/TAO Oscillations Summary

Normal mass ordering

JUNO % (expect) -
NuFIT 5.0 e
Forero et al. ——
Daya Bay  nGd ——
NOvA ——
T2K ——
MINOS+ ——
Superk —_——
RENO nGd .
IceCube ——
RENO nH
22 24 2.6 2.8

|Am,|. 1079 eV?

Maxim from JUNO (JINR)

JUNQO AND NEUTRINO OSCILLATION PARAMETERS

® JUNO will measure Am?, /AmZ,, Am3, and sin” 201, with per-mille level precision.
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JUNQO AND NEUTRINO OSCILLATION PARAMETERS

® JUNO will measure Am?, /AmZ,, Am3, and sin” 201, with per-mille level precision.

Introduction JUNO/TAO Oscillations  Summary

Normal mass ordering

JUNO % (expect) -
NuFIT 5.0 e
Forero et al. ——
Daya Bay  nGd ——
NOvA ——
L —
MINOS+ ——
Superk —_——
RENO nGd .
Cube —_——
RENO nH
22 24 2.6 2.8
|Am3,[, 1073 eV?

JUNO % (expecica)
KamLAND+SK+SNO
KamLAND

NuFIT 5.0

Forero et al.

SuperK+SNO

JUNO @+SNO(NC) (expected)
SNO

Maxim from JUNO (JINR)
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Introduction JUNO/TAO Oscillations  Summary L Qo

JUNO AND NEUTRINO OSCILLATION PARAMETERS

® JUNO will measure Am3, /Am2,, AmZ, and sin? 201, with per-mille level precision.

Normal mass ordering

JUNO % (expected) - 0.307+0.002 079
JUNO % (o) - 2.38850011 055 NWFIT 5.0 030050002 20t
NuFIT 5.0 —.— 244240026 : e
e 22 g 1% KamLAND+SK+SNO e 0.306:0913 410
Forero et al. —— 248 00 1w e N
SuperK+SNO 0.306+0.014 469
Daya Bay  nGd —— 24710088 20 §
i SNO 0.200%3038
NOVA e 241 4007 20
oW Forero et al. ——— 0.318+0.016 s.0%
T2K — 249 HR asx
SNO(NC| (expected) 0.307£0.023 7.5
MINOS 240 0 4ue JUNO 0+45NO(NC) pece) 0.307 o
Superk — 200 011 o KamLAND 0.31698%
RENO  nGd e 2,60 1012 15 0.28 0.30 ‘t’-;"f 031 036
sin? 62
IceCube —_— 231 5} s °
RENO nH 248 108
22 24 26 28
[Am3,l, 1078 eV?
JUNO 4 (expectet) " 75400014 oo
KamLAND+SK+SNO o 19
KamLAND —— i
NuFIT 5.0 —— 2 02
Forero ct al. —— 0R e
SuperK+SNO A
JUNO ©+SNO(NC) (expecea) S
SNO -

6 7
Am3y, 1077 eV?
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Introduction JUNO/TAO Oscillations  Summary L Qo

JUNO AND NEUTRINO OSCILLATION PARAMETERS @

® JUNO will measure Am?, /AmZ,, Am3, and sin” 201, with per-mille level precision.

Normal mass ordering

JUNO % 23 JUNO % ferpected) ol 0.307:0002 05

- 2.38 0%

NuFIT u( - M:::::IJ NuFIT 5.0 0.30420012 3
e 244200 11 KamLAND+SK+SNO ~ ————e——— 0.306°0913 410
Forero et al. —— 248 00 1w . e P

: 71 +0.068 SuperK+SNO 0.306:0.014 465
Daya Bay  nGd — 2471988 N o
NOvA —_— AL 007 SNO 0.299%5515 »
‘ — 249 +006 Forero et al. —_—— 0.318%0016

49 Toos 2 o -

08 ) N JUNO @+SNO(NC) expected) 030720028 7.5
MINOS+ —— 2.40 00 10 : . Hrsaum
SuperK —— 10 011 1 KamLAND —_——— 031629034 o5
RENO nGd e 9 H,,: 5 0.28 0.30 0.34 0.36

Cube e — 231 4}

RENO nH 248 )

0
22 24 2.6 2.8
|Amd,|, 1073 eV?
JUNO % (expected) " 7.54020.04 0%
KamLAND+SK+SNO —— 751 11 2
KamLAND —— 754 G
NuFIT 5.0 —— 7.42 702
Forero et al. —— 7.50 F03 2w
SuperK+SNO 6.11 52
JUNO ©+SNO(NC) (expected) 75 S
SNO 5.60 190
1 5 6 7 8 9

Am3y, 1077 eV?

Paper on precision measurement with reactor 7. expected soon!
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OSCILLATION PHYSICS WITH SOLAR °B v,

~Bv-eES
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Oscillations

e 8B v, are sensitive to the matter effect:

Neutrino oscillations in JUNO

‘ .)
C LS ) @g
(=)

Day/Night asymmetry

Solar B [2006.11760], CPC45
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OSCILLATION PHYSICS WITH SOLAR °B v,
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B
Yo E
3

Oscillations

e 8B 1, are sensitive to the matter effect: Day/Night asymmetry

Detection

® Signal: v, elastic scattering off e~

® Expected rate: 17 v,/day

® Limiting factors: LS purity, cosmic ray related background

* Baseline **U/?**Th contamination: 107 g/g

P845: OSIRIS

Solar B [2006.11760], CPC45
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OSCILLATION PHYSICS WITH SOLAR °B v,

Introduction JUNO/TAO Oscillations Summary o
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Maxim from JUNO (JINR)

Oscillations

e 8B 1, are sensitive to the matter effect: Day/Night asymmetry

Detection

® Signal: v, elastic scattering off e~

® Expected rate: 17 v,/day

® Limiting factors: LS purity, cosmic ray related background

* Baseline **U/?**Th contamination: 107 ¢g/g

Data and analysis
® Events binned vs zenith angle cos, and v, energy

® ~ 20% sensitivity to Am3, and 8% sensitivity to sin® ;2
® Rate constrained with SNO (NC)

[Solar B [2006.11760], CPC45
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Introduction JUNO/TAO Oscillations Summary

“ D oo

OSCILLATION PHYSICS WITH ATMOSPHERIC V/t/vﬂ

lAtmospheric v, /Ve spectra [2103.09908] l

T E
0 C . .
v Oscillations
E e TR ® Matter effect: 6, dependence
g~ o
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OSCILLATION PHYSICS WITH ATMOSPHERIC Vu/v,u
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Introduction JUNO/TAO Oscillations Summary “ O »

s

lAtmospheric v, /Ve spectra [2103.09908] l

Oscillations
® Matter effect: 6, dependence

Detection

® Primary channel: v, /7, CC

® Expected statistics, 200 kton-years: 1233/1035 events
® Limiting factors: angular resolution / PID purity

Maxim from JUNO (JINR)

1 15 2
Iog10 (EV | GeV)
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Maxim from JUNO (JINR)

1 15 2
Iog10 (EV | GeV)

s

lAtmospheric v, /Ve spectra [2103.09908] l

Oscillations
® Matter effect: 6, dependence

Detection

® Primary channel: v, /7, CC

® Expected statistics, 200 kton-years: 1233/1035 events
® Limiting factors: angular resolution / PID purity

Data and analysis
® Events binned vs zenith angle cos 6, (fine)

and v energy (coarse)
® ~ 1o sensitivity to ordering in 10 years

® Potential: combination with reactor analysis
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Introduction JUNO/TAO Oscillations Summary

JUNQO AND NEUTRINO OSCILLATION PARAMETERS

® JUNO will measure Am?, /AmZ,, Am3, and sin” 201, with per-mille level precision.

Normal mass ordering

JUNO % (expected) - 0.307+0.002 079
(expect 2.38 0.5%
iIUII\;? & (expect) - N:::::"‘ NUFIT 5.0 0.30420012 39
NuFIT 5.0 e 244210056 1o, . . 1 ond
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Forero et al. —— 248 00 1w . .
SuperK+SNO 030620014 16
Daya Bay  nGd —— 24710088
A SNO 0.2999018
NOvA —— 241 007 oo
] +0.00 Forero et al. ——— 0.318+0.016
MINOS+ ——— JUNO @+SNO(NC) expected) 0.30720023 755
(amLAN S — 316+0031
Superlk R S KamLAND 0.316+0038
RENO nGd 0.28 0.30 0.34 0.36
Cube e —
RENO uH
22 24 2.6 2.8
[Am3, |, 1073 eV?
JUNO % (expected) " 7.54020.04 0%
KamLAND+SK+SNO —— 7.51 01 2
KamLAND —— 754 1iR
NuFIT 5.0 —— 742 135 2 2
Forero et al. —— 750 92 L sin® 03 % sensitivity: to be estimated.
SuperK+SNO 6.11 52 isaw
JUNO @+SNO(NC) (expected) 75 8
SNO 5.60 190
1 5 6 7 8 9

Am3y, 1077 eV?

Paper on precision measurement with reactor 7. expected soon!
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STERILE NEUTRINO SEARCH WITH TAO AnD JUNO
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STERILE NEUTRINO SEARCH WITH TAO AND JUNO
@ 00f
Somf e Primary goal
% E —— Scintillator Quenching
€ 0% Charge Resaion ® Reference reactor U, spectrum with o = 2% at 1 MeV.
Zoosf Dark Noise
ootf- Oscillations: reactor at 30 m
oo ® Relevant range: 0.5eV? < Am3; <5eV?
° ® ~large L counterbalanced with high energy resolution
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STERILE NEUTRINO SEARCH WITH TAO AnD JUNO

Energy Resolution (o/E)
°
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F —— Totdl

E Statistics

E —— Scintillator Quenching
E Charge Resolution

E Cross Talk

= Dark Noise

=
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Primary goal

Oscillations: reactor at 30 m
® Relevant range: 0.5eV? < Am3; <5eV?

TAO CDR [2005.08745]

® Reference reactor U, spectrum with o = 2% at 1 MeV.

® ~large L counterbalanced with high energy resolution

Detection
® Inverse beta decay with nGd tag
® Expected rate: 2000 7. /day

Neutrino oscillations in JUNO
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STERILE NEUTRINO SEARCH WITH TAO AnD JUNO
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Energy Resolution (o/E)
°
S

=4
2
=
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0.01
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Statistics
—— Scintillator Quenching
} Charge Resolution
E Cross Talk
= Dark Noise
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Visible Energy (MeV)

---PROSPECT 1 99,73 C.L.
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10°
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.
s

Primary goal

® Reference reactor U, spectrum with o = 2% at 1 MeV.

Oscillations: reactor at 30 m
® Relevant range: 0.5eV? < Am3; <5eV?

® ~large L counterbalanced with high energy resolution

Detection
® Inverse beta decay with nGd tag
® Expected rate: 2000 7. /day

Data and analysis
® Events, finely binned vs energy
® Simultaneous fit: TAO's 4 virtual subdetectors

® May verify Neutrino-4 best-fit: Am§1:7.25 eV2, sin? 2014=0.26
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Introduction JUNO/TAO Oscillations Summary

JUNO SUMMARY

® Determination of the neutrino mass ordering:

» 30 in 6 years via reactor V.
» > 50 when combined with accelerator or atmospheric experiments

> +1o via atmospheric v, /T, in 10 years
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» Independent measurement of 01, Am3; via solar neutrinos from B

> 3 measurement via atmospheric neutrinos
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® QOscillation parameters measurement:
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» Independent measurement of 01, Am3; via solar neutrinos from B
> 3 measurement via atmospheric neutrinos

e TAO:

> Precision reactor antineutrino spectrum with oz ~ 2% at 1 MeV

> Sensitivity to sterile neutrino mixing
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Introduction JUNO/TAO Oscillations Summary

JUNO SUMMARY

® Determination of the neutrino mass ordering:
» 30 in 6 years via reactor V.
» > 50 when combined with accelerator or atmospheric experiments

> +1o via atmospheric v, /T, in 10 years

Oscillation parameters measurement:

» 3 oscillation parameters: 612, Am3;, Am3, unc.<1%
> Independent measurement of 612, Am3, via solar neutrinos from 5B

> 3 measurement via atmospheric neutrinos

e TAO:

> Precision reactor antineutrino spectrum with oz ~ 2% at 1 MeV

> Sensitivity to sterile neutrino mixing

Broad physics program beyond oscillations: geo-, solar-, SN, DSNB neutrinos; proton decay.
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Introduction JUNO/TAO Oscillations Summary

JUNO SUMMARY

® Determination of the neutrino mass ordering:

» 30 in 6 years via reactor V.
» > 50 when combined with accelerator or atmospheric experiments

> +1o via atmospheric v, /T, in 10 years

Oscillation parameters measurement:

» 3 oscillation parameters: 612, Am3;, Am3, unc.<1%
» Independent measurement of 01, Am3; via solar neutrinos from B

> 3 measurement via atmospheric neutrinos
e TAO:

> Precision reactor antineutrino spectrum with oz ~ 2% at 1 MeV

> Sensitivity to sterile neutrino mixing

Broad physics program beyond oscillations: geo-, solar-, SN, DSNB neutrinos; proton decay.

® Expected to start data taking in 2022!
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Thank you for your attention!

Spare slides:

Prysics
PMT SsTATUS

H IBD SELECTION
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Spares Physics PMT IBD

DAY /NIGHT EFFECT WITH SOLAR °B v,

Expected v, spectrum from *B Day/Night asymmetry
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Spares Physics PMT IBD

ATMOSPHERIC NEUTRINO OSCILLATIONS
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Spares Physics PMT IBD

JUNO PMT SsTATUS

Large 20" PMT system NNVT MCP
12'768 MCP PMTs by NNVT: delivered.

5'000 Dynode PMTs by Hamamatsu: delivered.
Testing: mostly done.

Protection cover: production started.

20" PMT
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Spares Physics PMT IBD

JUNO PMT SsTATUS

Large 20" PMT system NNVT MCP Hamamatsu Dynode
® 12’768 MCP PMTs by NNVT: delivered. '
® 5’000 Dynode PMTs by Hamamatsu: delivered.

® Testing: mostly done.

® Protection cover: production started.

Small 3" PMT system
v/ Complementary PMT system:

> Increase dynamic range. » Control systematics.

® 26'000 PMTs by HZC: produced.

20" PMT
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Spares Physics PMT IBD

JUNO PMT SsTATUS

Large 20" PMT system NNVT MCP Hamamatsu Dynode
® 12’768 MCP PMTs by NNVT: delivered. '
® 5’000 Dynode PMTs by Hamamatsu: delivered.

® Testing: mostly done.

® Protection cover: production started.

Small 3" PMT system
v/ Complementary PMT system:

> Increase dynamic range. » Control systematics.
® 26'000 PMTs by HZC: produced.
NNVT Hamamatsu HZC

PDE, % 28.3 28.1 24
TTS, ns 12 2.7 1.5
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Spares Physics PMT IBD

INVERSE BETA DECAY (IBD) AND SELECTION CRITERIA
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Spares Physics PMT IBD

INVERSE BETA DECAY (IBD) AND SELECTION CRITERIA
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INVERSE BETA
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Spares Physics PMT IBD

DECAY (IBD) AND SELECTION CRITERIA
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INVERSE BETA DECAY (IBD) AND SELECTION CRITERIA

Spares Physics PMT IBD
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INVERSE BETA DECAY (IBD) AND SELECTION CRITERIA

Spares Physics PMT IBD
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Spares Physics PMT IBD

BACKGROUND EVENTS

[ Yellow Book (2015) [1507.05613], JPG43] IBD rate corrected for missing reactors
_ JUNO S/N Unc.
Neutrino background sources . 1BD events/AD 5
® Nearby reactors with L # 53 km: . Geov ” 4 30
. 0 .
Daya Bay, Ling Ao ® Accidentals % 2.0 negligible
® World reactors o B3He/%Li % 3.6 20
e Geo-7, o |1:§St neutrloﬁns % 0.3 100
e 13C(a,n)'0 % 0.1 50
e Total bkg % 8.6
Accidentals [3-n isotopes Fast neutrons ACU
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BACKGROUND EVENTS
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Spares Physics PMT IBD

BACKGROUND EVENTS

[ Yellow Book (2015) [1507.05613], JPG43]

Neutrino background sources

® Nearby reactors with L # 53 km:
Daya Bay, Ling Ao

® World reactors

® Geo-T,

Accidentals [3-n isotopes

IBD rate corrected for missing reactors

JUNO S/N Unc.
e IBD events/AD 45
e Geov % 2.4 30
®  Accidentals % 2.0 negligible
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Fast neutrons
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