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JUNO AT A GLANCE PPNP 123 (2022): 103927

The Jiangmen Underground Neutrino Observatory (JUNO) is a multi-purpose neutrino
experiment currently under construction in South China.
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JUNO AT A GLANCE PPNP 123 (2022): 103927

The Jiangmen Underground Neutrino Observatory (JUNO) is a multi-purpose neutrino
experiment currently under construction in South China.

oooooo

Guangzhou Huizhou

* 52.5 km from two major Nuclear Power Plants
(NPPs) with eight nuclear reactors (26.6 GW,,)

Zhagging Foshan Dongguan

¥infu Panyu

Shunde

Jiangmen

* 35 m-diameter sphere with 20 ktons of liquid " Wil e O
. . o y y
scintillator (LS) surrounded by a water 0 gl
Cherenkov detector T O uinoph XX
/
' Yangjiang ‘ ﬁ&
* Unprecedented energy resolution for a LS- Taishan NPP
le) . X &. th
based detector 2 3% at 1 MeV  arXiv 2405.17860 Yangjiang NPP
6 x 2.9 GW,,
4 )

Main goals with reactor antineutrino oscillations
* Determination of the Neutrino Mass Ordering (NMQO)
\* Precision measurement of three oscillations parameters: Am3,, sin?0,,, and Am%;
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STATUS OF v OSCILLATION PHYSICS

5 knowns: ~

v’ Am3; ~ 7.5 X 10™°eV?

v’ |Am34{| ~ 2.5 x 1073eV? All known with
v' sin? 64, ~ 0.3 > better than 5%
v' sin? 6,3 ~ 0.5 precision

v' sin? 6,53 ~ 0.02

/
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STATUS OF v OSCILLATION PHYSICS

5 knowns: ~ 5 known unknowns:

v’ Am$; ~ 7.5 X 10™°eV? ? Mass ordering: Am35; > 0 but Am%;, =07
v’ |Am3,| ~ 2.5 x 1073eV? All known with ? Octant of 0,3: 0,3 = 45°7

v' sin? 6, ~ 0.3 > better than 5% ? CP phase 6: 8§ not 0 or ? CP violation?

v Sin2 923 ~ 0.5 precision ? :| Cann‘ot be probed with
v Sinz 013 ~ 0.02 3 v oscillations

/
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STATUS OF v OSCILLATION PHYSICS

5 knowns: 5 known unknowns:

v AmZ, ~ 7.5 x 10 5eV?2 ? Mass ordering: Am2,; > 0butAm3, =07
v’ |Am3,| ~ 2.5 x 1073eV?

v sin® 6, ~ 0.3

JUNO will contribute to both the precision and discovery frontiers

y l A Precision measurement of three Mass ordering determination
|

parameters: Am3,, Am%,, and sin? 8,
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JUNO PHYSICS PROGRAM

JUNO has a rich physics program and will detect neutrinos from several sources.

2 @ g e 0

KReactor V.  Atmosphericv/v Solar ve Supernovae Geo-neutrinos  BSM physics

Neutrino oscillations Y

Neutrinos as a probe
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JUNO PHYSICS PROGRAM

JUNO has a rich physics program and will detect neutrinos from several sources.

M. Malabarba’s on Saturday
o A
f.4

\Reactor V.  Atmosphericv/v Solarvej

Neutrino oscillations
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JUNO PHYSICS PROGRAM

JUNO has a rich physics program and will detect neutrinos from several sources.

g %

XY \ \
& -

\Reactor V.  Atmosphericv/v j

Neutrino oscillations

' In this presentation focus mainly on reactor v,
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REACTOR 7/, OSCILLATIONS IN JUNO o3 ooy = a8 Ay = AL 45

= Pee=1—"Po — P31 — P32

* Experimental observable: deficit in number of
V. interactions 2 v, survival probability &
=
,P(pe — Pe) =1- SiIl2 291264113 SiIl2 Agl %
— Sin2 29136%2 sin2 Agl ,Tg
- SiIl2 2(9138%2 SiIl2 Agg i

=1—"Pa1 — P31 — P32

JUNO |

1071 10° 101
L/E [km/MeV]
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— — ainf. - = 2
cij = cosB;j, sij =sinb;;, Ayj = AmijL/4E

REACTOR v, OSCILLATIONS IN JUNO

— Pee=1—Pan — P31 —Ps2 ===+ Slow: 1 — Py Fast: 1 — Py — Pss
: Co T ——_ Y/ 2 Ny - "
* Experimental observable: deficit in number of . ,{29 \ "
— . . — . ofe L Sin 13 . ]
V, interactions 2 v, survival probability = osf ; s ]
________________ 2| ; |
_ = (772 40 ) 2 | A \ ]
Pv, = v,) =1 —sin® 2012¢13 sin Aglj 2 uf ; ;
—{sin? 26’13032 sin? Agq £
. . = 04f \ f
—\sin® 20357, sin” Az, z uy
|A | \\ 1
* Measurement of four oscillation parameters, " x A, M V]
— % JUNO'|

no dependence on §cp and 033 Y S
L/E [km/MeV]

* Unique capability to simultaneously probe
oscillations on both slow (Am3,) and fast

(Am3,) scales

VANESSA CERRONE - JUNO SENSITIVITY TO MASS ORDERING AND OSCILLATION PARAMETERS



REACTOR 7/, OSCILLATIONS IN JUNO o = i, =y, = A LJ45

—— Pee=1—"Poy — P31 — Ps3o ===- Slow: 1 — Py Fast: 1 —P3; — Ps2
. : —_— : : : — . T

I e e L E L Ly CL LTS e [
: .o _ ' By AN I
* Experimental observable: deficit in number of . ,{29 \ "
— . . — . ofe L Sin 13 . ]
V, interactions 2 v, survival probability = osf ; s ]
(e Ao o [ e
P, —v,)=1-—sin" 2012¢)3sin Aglj 2 o ; ]
—(sin? 26’13032 sin? Agq ‘5 [
. . 5 04f \ i
—\sin® 20357, sin” Az, = |
|A \\ 1
* Measurement of four oscillation parameters, " x A, M V]
no dependence on d¢p and 033 S S
A
* Unique capability to simultaneously probe 01f  Pe relative difference (NO-10)
oscillations on both slow (Am$,) and fast ool \/\MAAM/WMQ
(Am3,) scales :
0.1
X @ first solar oscillation 2
. . . | - s - ]
maximum for NMO determination 1071 107 10"

L/E [km/MeV]
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NEUTRINO MASS ORDERING IN JUNO
4 )

NMO sensitivity through interference effects of
oscillations driven by small and large mass
splittings, Am5, and Am%,; = Energy-dependent
phase shift in the antineutrino spectrum

\_

J

Events [MeV 1]

* First experiment to exploit vacuum-dominated
oscillations for NMO determination

* Complementary to accelerator and
atmospheric experiments

* Need to precisely and accurately resolve the
fast wiggles in the energy spectrum - high
energy resolution and good control of the
energy scale are needed

Survival probability
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arXiv 2405.18008

Antineutrino spectrum at JUNO, 6 years of
data taking, perfect energy resolution

>|< ]'I03| L L L 1 L L L L 1 L L L L 1 L L L L 1 i

No oscillationsx1/7

—— Normal Ordering

———
mm——— N
-

— Inverted Ordering

\ Only solar term:
\\ ————— Sin2 612 = 0282,
sin?6;5 =0

Neutrino energy [MeV]


https://arxiv.org/pdf/2405.18008

ANTINEUTRINO DETECTION IN JUNO

* The detection of reactor antineutrinos is done
via the Inverse Beta Decay (IBD) reaction:

- A E, = 511 keV
X
U.+p—et+n Aol @

@ E, = 511 keV
Prompt signal: energy deposited by positron in
liquid scintillator (LS), including annihilation energy

neutron capture on H (or '2C): 2.22 Q

MeV (4.95 MeV) gamma emission, T = 200 us

E, = 2.22 MeV

V'

A
v

%3 ~ 200 ps
5 Close time and space correlation of
Prompt prompt-delayed pairs
o - efficient background .suppression and
/ — L event tagging. y
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DETECTOR RESPONSE: WHAT JUNO MEASURES Chinese Phys. C 46 123001

Interaction Light emission Light detection
E, Edep —> Eyis T Erec
Antineutrino Deposited Visible Reconstructed
energy energy energy energy
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DETECTOR RESPONSE: WHAT JUNO MEASURES

Interaction

E,

Light emission

Light detection

Eqep — > Evis T Erec

Antineutrino Deposited Visible Reconstructed
energy energy energy energy
JUNO 6 years data taking

500 __I T T T T T | T T T | T T T '1'05: I T _|_
- - If : 7
o < oost NL - -
> 400 |— i i
D) — 0.9_ . . . . . - ]
g - 2 4 6 8 10 12 N
L i E [M N
S 300 - Deposited Energy dep[ eV] 7
S — = 25: T T T E -
=Y - = 20f —LPMT § ]
3 — ' 2 15k E -
2200 [ —— wloNL&Res E: —SPMT §
0 _ 2 10p 3 _
0 N —— w/NL &; SE 3 Z
100 = | —— LPMT w/NL&Res 5 UTTTATe R 0 12
L - Visible Energy E . [MeV] _
- ) SPMT w/ NL&Res . .
O B L 1 ] 1 1 1 ] 1 1 1 | 1 1 P | 1 1 1 | 1 |_

0 2 4 6 8 10 12
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Energy [MeV]

1.

Chinese Phys. C 46 123001

IBD reaction and cross section,

Eqep ~ Ey5, — 0.782MeV

Liquid scintillator non-linearity
(NL), visible energy « detected
photoelectrons

Eyis = fusnL(Fdep) © Edep

Energy resolution (Res)

UErec

Evis

(=

o

Evis

;


https://iopscience.iop.org/article/10.1088/1674-1137/ac8bc9

EXPECTED SIGNALAND BACKGROUNDS arXiv 2405.18008

JUNO 6.5 years x 26.6 GWth

F ‘ T T T T ‘ T T T T T T T T T ‘ T T T T T T T T T ‘ T T T T T T T T T T T T T T T T T T I T T T T T T T T |
. . L —— Reactor Ve signal: NO |
* Selection cuts are designed for the IBD 500/ _—- Reactor v, signal: 10 ]
M - M L 103 E L L D L L L 3 i
typlcal prompt delayed Slgnatu re > 400 - > 1025 Background spectra 7]
) r ~ E El
Y/ r E ER
S 3001 8 101 ¢ 4]
Selection Criterion Efficiency (%) IBD Rate (day ') T Residual background 3 1004 Ly =
All IBDs 100.0 574 =200 C B Geoneutrinos B Fast neutrons = 1 1 ‘ ‘ N ) ‘ B
: s . . : World reactors — 13C(a,n)160 10 1 Lol 2 T 3 L 4 [ - AI—S:
Fiducial Volume 91.5 52.5 - = Accidentals Atmospheric Reconstructed Energy [MeV] |
IBD Selection 98.1 51.5 100 mm °Li/®He Neutrinos -
Energy Range 99.8 - :
Time Correlation (ATp_d) 99.0 - S 0F I LA A o e \ I e s s B B B B S } 11—
Spatial Correlation (AR,_) 99.2 - 3 1.or 1
Muon Veto (Temporal@Spatial) 91.6 47.1 5 | o lg bg?t -fit to NO Asimov data ]|
Combined Selection 82.2 47.1 Sosl v, — in each bin -
o B |
2 [ Best-fit Z% of Ax2,, |
© L i=1 |
(O] Al 1\ N\ I T T T S T T T T T I T N N N N
o 007 4 6 8 10 12

Reconstructed Energy [MeV]
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EXPECTED SIGNALAND BACKGROUNDS arXiv 2405.18008

JUNO 6.5 years X 26.6 GWth

S — B R R e —— ‘ S
. . L o Reactor Ve 5|gnal NOi
* Selection cuts are designed for the IBD 500/ _—- Reactor v, signal: 10 ]
. _ H r 13T T g
typ|Ca| prompt delayed Slgnatu re ,, 400¢ > 10; Background spectra |7
() r 7 % E ]
§3oo} 8 101 ¢ 4]
Selection Criterion Efficiency (%) IBD Rate (day ') T Residual background 25 100 ¢ e =
Y - EEE Geoneutrinos lm Fast neutrons E
ALl TBDs 100.0 57.4 200 P A 10_11{ . ‘2“%3&‘% e ]
Fiducial Volume 91.5 52.5 | 4 mmm Accidentals Atmospheric Reconstructed Energy [Mev] 1
IBD Selection 98.1 51.5 100 [ /8l mem 5LiHe Neutrinos 9 .
Energy Range 99.8 - ]
Time Correlation (ATp_d) 99.0 - S 0F I LA A o e \ I e s s B B B B S } 11—
Spatial Correlation (AR,_4) 99.2 - 3 .01 ]
Muon Veto (Temporal@Spatial) 91.6 47.1 5 | o lg bg?t -fit to NO Asimov data ]|
Combined Selection 82.2 47.1 Soshk v, — in each bin j
-% i Best-fit z% of AxZ,, |
* Main back d ﬁooﬁ a6 A“é‘g‘”ﬁl‘l‘o “““““ 2
ain bac g rounds. Reconstructed Energy [MeV]
Accidental coincidences from natural Background Rate (day ") 4 N\
radioactivity = Fiducial volume cut Geoneutrinos 1.2 47.1/day reactor IBD
World reactors 1.0 .
Accidentals 08 candidates and = 4/day
Muon-induced isotopes - Muon veto \ ghLi/SHe 0.8 residual background
t i tri 0.16 . .
N 01 events > High s/b ratio
Irreducible backgrounds 13C(a,n)160 0.05 \§ J
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REFERENCE SPECTRUM WITH TAO -  arXiv 2405.18008

12 " JUNO: 6.5 years x 56.6 Gy ]
. . . C TAO: 6.5 years x 4.6 GWy, B
* Taishan Antineutrino Observatory (TAO): O r———
. gk e 3
satellite detector @ 44 m from one of the = S ]
. ~E 6 TAO 0/E @ 1MeV N ]
Taishan cores I L — junosTo 2%) S :
4 --- JUNO+TAO (3%) \\ ]
Eooe JUNO+TAO (8.5%) ~o
2 —- JUNQ-onIy Tl B
* Good knowledge of the reactor spectrum is QX Nomina N I e e
. . . 1 10 100
needed for JUNO oscillation physics goals Ve spectral shape uncertainty [%/20keV]
[ T T T T T ‘ T T T T T T T ‘ T T T T T T |
X Theoretical models affected by large _ I pIUNeres years 266 Gl E
) ) “‘E 6 ; Ve spectral shape uncertainty E
uncertainties 2 3¢ —Eeem— -
) 0 L I IR L L L R L L L [ R
X Discrepancy between models and data 0.03 01 A0 exposure [years x 4.6 GWy]  ©

at sub-percent precision

Model-independent measurement of
reactor spectrum 2 JUNO+TAQO joint
fit introduced in NMO sensitivity study

* 2.8ton Gd-loaded LS @ -50 °C

X Energy resolution: <2 % at 1 MeV
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'~ SENSITIVITY STUDIES
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PRECISION MEASUREMENT OF OSCILLATION PARAMETERS

* Sub-percent precision on Am3,, sin%8,,
and Am3, = exceed global precision
within the first year of data-taking

* One order of magnitude improvement in
6 years for Am3,, sin?0,,, and Am%,

Relative Precision [%]

6 years 20 years
102 ' L 7 PDG 2024
E —— Stat.+syst. 1 T ERET
------------ Stat. only ]
.................... | | ® imi * Am3; | ]
ol T '. E < sin2912 ® sin2913 | 109
:

100 = o -1
107! - 0.1¢
10_2 El Ll L : L L : | L ! TR B R 3

102 103 104 10°
JUNO Data Taking Time [days]
m . (o} . (o] . (o
Am?, 1.1% 0.8% 0.2%
Am2, 2.4% 1.0% 0.3%
sin26,, 4.2% 1.9% 0.5%
sin?0,5 3.2% 47.9% 12%
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PRECISION MEASUREMENT OF OSCILLATION PARAMETERS

6 years 20 years
; isi 2 gip2 S N e L
* Sub-percent precision on Am34, sin0;,, . i A sategs 5
and Am3, = exceed global precision T , e amh ok amh -
. . . . § il T i « sin%61; ® sin 913‘, 2109
within the first year of data-taking = . PR
c )
o =
. . . § 100 .— [ -1
* One order of magnitude improvement in s |
6 years for Am2,, sin?8,,, and Am%, : 1.
102 103 104 10°
JUNO Data Taking Time [days]
Impact of sub-percent precision
* Reduce parameter space for leptonic CP
violation Am3, 1.1% 0.8% 0.2%
* Precision enables to identity anomalies AmZ, 2.4% 1.0% 0.3%
- new physics? sin26;, 4.2% 1.9% 0.5%
X Discriminator of neutrino masses and in6,. 399, 47 9% 129

mixing models

Chinese Phys. C 46 123001
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SYSTEMATIC UNCERTAINTIES Chinese Phys. C 46 123001

Amg, 1o (%) Am3, 10 (%)
Statistics A A R Statistics 0.16
H H 1 1 L] Reactor:
Dominant systematic uncertainties:
- Uncorrelated <0.01 | - Uncorrelated 0.01
- Correlated 0.01 . _ Correlated 0.03
2 - Reference spectrum 0.05 - - Reference spectrum 0.07
* Am3,: Reactor spectral shape > “SpentNuckeorFuel__| <001 ~Spent Nucior s
. - Non-equilibrium <0.01 - Non-equilibrium 0.14
importance of TAO for NMO

- Efficiency 0.01 - Efficiency 0.02

- Energy resolution <0.01 - Energy resolution 0.01

- Nonlinearity 0.04

.'

2 . L

* Amz 1 . b a C kg rO U n d S - Backgrounds 0.04 - - Backgrounds 0.18

Matter density 0.01 . Matter density 0.01
—

All systematics 0.08

- Nonlinearity 0.05

I-II"I]]-' H

All systematics 0.27
Total 0.19 | ' otal ) |
) ) 0.0 0.1 0.0 0.2
* sin20,,, sin%?0,5: normalization factors B % | %
sin263 10 (%) sinZ6,, 10 (%)
Statistics 8.94 1 Statistics 0.34
Reactor: Reactor:

- Uncorrelated 2.53 - Uncorrelated 0.10

[
- Correlated 6.83 _- - Correlated 0.27

* Matter effects are small but matter! T —— T o —— 008

- Spent Nuclear Fuel 1.55

- Spent Nuclear Fuel 0.05

- Non-equilibrium 2.65 - Non-equilibrium 0.10

Detection: Detection:

|
- Efficiency 5.81 _. - Efficiency 0.23
I

e

N Ote : S pectru m rl C h | n I n-FO rm atl O n , - Ener.gy retsolution 0.39 - Enerf_;y re'solution 0.01
. . - Nonlinearity 2.09 - - Nonlinearity 0.09
provides good constraint on rate “sackgrounds 25— “sackgrounds 020
. . Matter density 0.98 . Matter density 0.07

NormMa | Ization All systematics 816 | All systematics 0.40

Total 1211 | | Total 0.52 |
0 5 10 0.0 0.2 0.4
% %
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DETERMINATION OF NEUTRINO MASS ORDERING arXiv 2405.18008

Reactor U, signal IBD event number (x103)

* Fit data against both NO and IO scenarios 0 50 100 150 200 250 300
. Ce . _ T T RS T T T
- Median sensitivity discriminator: 6L : ]
i I =]
2 1.2 2 -5 | e
AXMO - |Xm1n(NO) — Xmin (IO)| 5 ;--f ----------------- }----------------------:,:5,:::::2 ......... ]
i I =
- 4o I
* 30 median sensitivity in ~7.1 years of data N o
taking via only reactor v, , with 11/12 duty - 30

—— e o e e il e e e T e e e o o o o e

cycle I |
i [
2 ~ |
- [ —— NO: stat.+all syst.
1L I —— 10: stat.+all syst.
- : ————— NO: stat. only
- " IO: stat. only
coe b b e b g b e e b b e
% "2 4 6 '8 10 12 14 16 18 20

JUNO and TAO DAQ time [years]
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DETERMINATION OF NEUTRINO MASS ORDERING arXiv 2405.18008

Reactor U, signal IBD event number (x103)

* Fit data against both NO and IO scenarios 0 50 100 150 200 250 300
. Ce . . T T T - ——— - T

- Median sensitivity discriminator: 6L | ]

2 .2 2 - 50 e

AXMO - |Xm1n(NO) — Xmin (IO)| S U S I — ]

-

-
-
-
-~

——— o o AT o e e e e e o e e et e e e e o e o o

S

o;“““““““““‘x

* 30 median sensitivity in ~7.1 years of data
taking via only reactor v, , with 11/12 duty
cycle

min

2

w

—— e o e e il e e e T e e e o o o o e

N

—— NO: stat.+all syst.
— 10: stat.+all syst.
————— NO: stat. only
----- IO: stat. only

2 4 6 8 10 12 14 16 18 20
JUNO and TAO DAQ time [years]

=

* Dominant systematics: reference spectrum
uncertainty, nonlinearity, and backgrounds

- . e s e e o

(=)
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DETERMINATION OF NEUTRINO MASS ORDERING arXiv 2405.18008

Reactor U, signal IBD event number (x103)
50 100 150 200 250 300

* Fit data against both NO and IO scenarios
- Median sensitivity discriminator: 6

AX%&O — |X?n1n(NO) o Xfmn(loﬂ 5

* 30 median sensitivity in ~7.1 years of data
taking via only reactor v, , with 11/12 duty

\\\\‘\\\\‘\\\\‘\\\\x\\\\‘\\\\‘\\o

cycle |
|
2 I
I —— NO: stat.+all syst.
. . / I — 10: stat.+all syst.
* Dominant systematics: reference spectrum 1 L NO: stat. only
uncertainty, nonlinearity, and backgrounds I T O O 10: stat. only
e e b b e b b o b b by
0 "2 4 6 "8 10 1z 14 16 18 20

JUNO and TAO DAQ time [years]
* Sensitivity boost via atmospheric v, /v, in JUNO - Analysis ongoing

* Vacuum-dominated oscillations, no dependence on 8cp and 8,3 > Complementarity/synergy with
LBL and atmospheric experiments
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BOOSTING NMO SENSITIVITY WITH ATMOSPHERIC v

* First measurement of atmospheric neutrinos with
a LS detector 2 sub-GeV to multi-GeV energy
range

* NMO through matter effects, complementary to
reactor antineutrinos

Flavor transition enhanced for neutrinos (antineutrinos) if NO (10)

Normal ordering

P(VM - 1,)(NO)

Normal ordering

cos b,

0.1, Coreto
Mantle
. Boundary

Energy [GeV] Energy [GeV]
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BOOSTING NMO SENSITIVITY WITH ATMOSPHERIC v

J. Phys. G. 43 030401

307777 T
. . . . [-------- Electron neutrinos -------- Point-like
* First measurement of atmospheric neutrinos with . Muon neutrinos - - - - Track-ike
. 25 ;
a LS detector = sub-GeV to multi-GeV energy — Flectroniuon PomtrTTack
[ Normal Hierarchy
range < 20}
> |
= 15}
* NMO through matter effects, complementary to 2
reactor antineutrinos @ 0T
0.57"/
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CONCLUSIONS

* JUNO has a rich oscillation physics program = reactor v,,
atmosphericv/v,

* First experiment to simultaneously probe two oscillation
frequencies

* Stringent experimental requirements needed for ambitious
goals:

* Sub-percent precision on Am3,, sin?0,,, and Am3,

* 30 NMO median sensitivity in ~ 7.1 years of data taking via
only reactor v,

* NMO through interference and vacuum-dominated oscillations
- complementarity with experiments exploiting matter effects

* Expectto start filling soon... Stay tuned for exciting results!
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BACKUP
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SENSITIVITY STUDIES: WHAT'S NEW

* 2022-2024: Oscillation parameters and NMO sensitivity studies update

* Better knowledge of JUNO detector: realistic MC simulations and commissioning data =
updated detector response, more detailed evaluation of backgrounds

Some changes:

v More realistic PMT and LS optical models + larger measured PMT photon detection efficiency >
Energy resolution improvement 3% = 2.95%

v Optimized event selection and muon veto strategy = IBD selection efficiency 73% = 82%

X Two Taishan reactors not built 2 ~ 25% flux decrease

X Lower overburden due to shift in experimental hall > ~30% muon flux increase
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SENSITIVITY STUDIES: WHAT'S NEW

* NMO sensitivity studies update, changes with respect to arXiv 1507.05613

o Changes Design Now
Reactor U, signal IBD event number (x103)
50 100 150 200 250 300
Resolution@®) . — Thermal power 36 GW,, 26.6 GW,, (26% 1)
200 — 2.8% a
“_>§ A §§f Signal rate 60 / day 47.1 /day (22% 1)
S ]
1= 1615 yearsx26.6 GWi Overburden / Muon fluxinLS | ~700m/3Hz | ~650 m/4Hz (33% 1)
T T T T T a0
é"\_ 138 Muon veto efficiency 83% 91.6% (11%7)
R 136
E \'\_ 134 Backgrounds 3.75/ day 411/ day (10%T1)
\ 1 8
- '\ i *:3.2 =
E \\ 1308 Energy resolution 30%@1 MeV | 295% @ 1 MeV (2%1)
: \ —fz.aﬁ
E AN 16" Oscillation parameters arXiv 1312.2878 PDG 2020
SR Y
‘ E \'\\ 122 Shape uncertainty 1% / 36 keV JUNO + TAO
2_0:\I'\\\\\\/\\\\\\-1"‘\Hm”m”m”m”m”:\\\\El.\\\l.\:z_o
? 4JUN(()3exp085ure [1)?earsl><226.61éwth]16 e IlA()x%inI 20 DAQ time to get 3¢ significance < 6 years ~ /.1 years
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SENSITIVITY STUDIES: WHAT'S NEW

* NMO sensitivity studies update, changes with respect to arXiv 1507.05613

Changes Design Now
o ‘Rs%acm‘rvlfosci)?nal I?E?oeveft;éjomber (2%)03') 300 o Thermal power 36 GW,, 26.6 GWy, (26% 1)
6L 4 L e 16
? 5o e ;T;ﬁ@féﬂéﬁ‘é@bg Signal rate 60 / day 47.1 /day (22% 1)
- 1 :_—30 of PDGZOZO_:S
E ] Overburden / Muon flux in LS ~700 m/ 3 Hz ~650m/4Hz (33% 1)
N 14—
1 I I I_3E Muon veto efficiency 83% 91.6% (11%T1)
:_ _2 Backgrounds 3.75/ day 411/ day (10%71)
7 —— NO: stat.+all syst. - 1
1L T L?éstit-tﬂ“a”lsyst- 1 ¢ 11 Energy resolution 30%@1MeV | 295% @ 1 MeV (2%1)
/2 : stat. only 1 r 1
E ————— 10: stat. only ] i
T B e T e Rl Oscillation parameters arXiv 1312.2878 PDG 2020
JUNO and TAO DAQ time [years] g g ‘SZ ﬂ:
CE Shape uncertainty 1% / 36 keV JUNO + TAO
DAQ time to get 30 significance < 6 years ~ /.1 years
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PRECISION MEASUREMENT OF OSCILLATION PARAMETERS

% 7.6 —
o .
S i
'_"_‘7.5_— -
* Almost no correlation between S
parameters = solid measurement ] BaasE
. p=0.033 p=-0.056
* C t . t . 26 h . . t 30-310} _:_ _: JUNO 6 years
onstraint on sin“g43 Nas a MINOor IMPact, % I . - . : 68.27% C.L.
o) £ i T ] o
< 0.3% 7 0,305 T 1 95.45% C.L.
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P " i 35—
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—25¢ - - .
M f * T * T * 1
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BOOSTING NMO SENSITIVITY WITH ATMOSPHERIC v

. : . , o Plan to install additional PMTs on top
* Estimation of joint reactor-atmospheric sensitivity wall of the water pool to improve PID

In progress and direction reconstruction

* Good direction reconstruction and flavor
identification are needed

* Novel machine learning and conventional
techniques for e/u, v/v separation under
development

20001 oy NC 1400 { mmm NC 1400 | = NC . NC
1750 | .0, : - -, s00 | ™= Oy =y M
sy like - N vV, like
@ 1500 mem 0, o - o -, o -,
© -, @ 1000 - W= © 1500 ™= v (] [N
1% %] (%) U 600
n 1250 7] ] 0
i > 8001 800 > i
£ 10001 VVOIK in progress 2 o Work in progre g Work in progre
- [ - &= 400 -
- = 600 + 600 x
) o ) o
< < a0 < 400 <
500 200
250 A 200 1 200
0 ‘ , ‘ 0 : — ... | 0 , , : : 0l
1.5 2.0 2.5 3.0 35 4.0 4.5 1.5 2.0 2.5 3.0 3.5 4.0 4.5 1.5 2.0 2.5 3.0 3.5 4.0 4.5 1.5 2.0 2.5 3.0 3.5 4.0 4.5
log(L/E[km/GeV]) log(L/E[km/GeV]) log(L/E[km/GeV]) log(L/E[km/GeV])
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NEUTRINO SOURCES IN JUNO

- y
0. \ 8 4

Reactor v, Atmospheric v/v Solar v, Supernovae Geo-neutrinos
Reactor ~ 60/ day : : :
SN burst ~ 7300 @ 10 kpcin few s : : :
DSNB ~ 2-4 / year :
Solar (8B ) O(100) / day : : :
Atmospheric ~O(100) /year | : |
Geo-neutrinos ~ 400 / year : : ,

0.1 710 102 103 10 MeV
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JUNO KEY EXPERIMENTAL FEATURES PPNP 123(2022): 103927

Detector design is driven by ambitious physics goals:

Top Tracker and
* La rg e Statisti CS calibration house
Huge LS target mass ) wter poo
Powerful nuclear reactors iivic Sl AL |
N/ ¥ A 8 1 Earth magnetic
1 LTI BHE T field compensation
A RVl Rk
£ T Al A e R
<t S— : ?;’e S = Photomultiplier
< 5 WA S tubes
e e Si\ ;Ab‘:;‘ -
'-‘»‘= - ‘:‘ AN
3 <L s:"‘“ : Actrylic spherical
) S SSHSET™—— vessel filled with
e liquid scintillator
| 4l
i B 2 ; X AN Acrylic supporting
2 ‘ % N A nodes
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JUNO KEY EXPERIMENTAL FEATURES

Detector design is driven by ambitious physics goals:

* Large statistics
Huge LS target mass
Powerful nuclear reactors

* Energy resolution: 2.95% at 1 MeV
High photon yield, highly transparent LS
Total photo-coverage = 78%

* Control of non-linear energy scale within 1%
Comprehensive calibration program

* Low background
650 m underground
LS purification system and material screening
Efficient veto systems

44 m

PPNP 123 (2022): 103927

Top Tracker and
calibration house

Water pool

A = - =
Sl g "R /|
BT o / / f -
A Eel/ /) o/ 8 EIEN
Ry - AN ave K
] o ikl A
g R A3 <
1354 N -
—& =3 -P S\ N ‘
: = W S |
e se s
3 A e e
A S\ i Cond
%
SV CCGCA |
} 8 W e
292 W Gt
2 SN
| |
i | Acrylic supporting
N . I nodes
SRR NE W T8 BES

Earth magnetic
field compensation
coils

Photomultiplier
tubes

Acrylic spherical
vessel filled with
liquid scintillator
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JUNO KEY EXPERIMENTAL FEATURES PPNP 123(2022): 103927

Detector design is driven by ambitious physics goals:

To_p Tra}cker and
* Large StatIStICS calibration house
Huge LS target mass Veis Water pool
Powerful nuclear reactors e -
4 AT i ‘ < : ~ _ Earth magnetic
_',{/VEJK___;;“ /V,A 7. A THE T field complinsation
* Energy resolution: 2.95% at 1 MeV £ Sis i W A e XOu | I m—
. . . - ‘g):: K otomultiplier
High photon yield, highly transparent LS < | e Rk tubes
- ~ C 7 ‘:‘t- SSSE crylic spherical
Total photo-coverage = 78% ; SRR horylc spherice!
AL A SR - liquid scintillator
* Control of non-linear energy scale within 1% B HIKTI{ Acrvic supportng

Comprehensive calibration program A A0

* Low background
650 m underground

LS purification system and material screening
Efficient veto systems

* Accurate knowledge of reactor spectra
Satellite near detector: Taishan Antineutrino Observatory (TAO) at 44 m from Taishan reactor
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STERILE NEUTRINO SEARCHES WITH JUNO-TAO

arXiv:2005.08745

* JUNO will also deploy a satellite

. . . 10 : .......... | 3 | | B ) W O I,{ ,,,,,,,,,,,,,,, [
detector TAO (Taishan Antineutrino c
Observatory) at 44 m from the % | —oera ey
b --=-JUNO-TAO 99.7% C.L.

Ta |S h an N P P B ---PREOSPD::CT:I 9?.7:%£C.L.

* Short baseline = great potential for
sterile neutrino searches

* Sensitivity needs to be re-assessed
with new TAO baseline of 44 m —
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