THE RESULTS OF THE DAvYA BAY EXPERIMENT AND
THE STATUS OF THE JUNO EXPERIMENT

@
. JUNO . %
Maxim Gonchar for the collaboration 3
Daya Bay %
% Y
é’Q 9’9\ Am%1 012 %
Joint Institute for Nuclear Research 5’ %
3 |am3,)| EY
< 32 %
International Session-Conference sign (Am3,) %
Section of Nuclear Physics
PSD RAS 03, Ocp 613

March 11, 2020

Accelerator v



Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO

INTRODUCTION
m Neutrino masses and mixing
m Reactor 7, oscillations

DavyA BAy, TAO AnxD JUNO

m IBD selection
= Map

m Detectors

m Backgrounds

DAyA BAY

JUNO aAnND TAO

m Status
m Schedule
m Physics with JUNO

Maxim Gonchar (DLNP, JINR) Daya Bay & JUNO

March 11, 2020

2/24



Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO Mixing Reactor e

MANDATORY SLIDE I: NEUTRINO MIXING (s ) 6O

2 :I%Al:mjz v ?:J:I Weak and mass eigenstates differ:

v ! ? Vo) = Z v

2
Amatm

5 «a — flavor states

m 2
Ay, i — mass states
? %! I:I_T_AI:I2 Mixing parametrized by:
v3 ; iz |:|:E|5°I ® three mixing angles: 012, 023, 013,

Inverted hierarchy  Normal hierarchy
ve@m@m YO—™ v-Od
Pontecorvo-Maki-Nakagawa-Sakata (PMNS) mixing matrix:

® CP-violating phase: Ocp.-

v 03 =~ 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, T2K and MINOS.

® fep ~ 37” probably: NOvA and T2K.
Maxim Gonchar (DLNP, JINR) Daya Bay & JUNO
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Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO Mixing Reactor e

MANDATORY SLIDE II: NEUTRINO MASS AND ORDERING (2= &3) @

V3 T Neutrino mass
® Neutrinos are massive
5 ® Neutrino mass has not been measured
Ams,
° > m, S1leV (cosmology)
® me <22eV (direct)
Vo 1] V2 °
5N | vy I Mass splitting
From oscillation experiments:
Amis o Amd, =(7.53+0.18) x 105 eV?
* |Am3,| = (2.42£0.06) x 103 eV?
ZE s * |Am3,| /Am3, ~ 32
Normal ordering Inverted ordering

Vel VuDd VO Mass ordering

Which neutrino is the lightest one: 17 or 137

Maxim Gonchar (DLNP, JINR) Daya Bay & JUNO March 11, 2020 4 /24
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REACTOR ELECTRON ANTI-NEUTRINO PRODUCTION

O—»Neutron t4%pr ]@L
Reactor as 7, source 9., Electron Hice ;ﬁo\‘
« Anti-neutrino iLa )'@O\‘
v/ Strong: produces ~ 10%° 7 /s/GW,y, Gamma ‘“‘B& B
v Clean: only 7, se4gn T (some loss)
. . . —7 @
v “Free” artificial antineutrino source UM @ S o
O—#+@—>@—> O—»—)O—th@—)@—) o
e Complex spectrum: [Ghan Reaction @O\
a lot of constituents, time dependence er \
° £, <10MeV . o,
. . T : :’Bél‘:’( s \' \ 2391y
Reactor 7, production — Countrate] /" Sy o,

in beta decays of fission products of S 5w
£ 04 g
e 257, 239Py and **'Pu (slow n) = | 4
o 28y (fast n) o '3

® ~ 6 U/fission (+ 200 MeV of heat) b

5 © 7
E,, Mev
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Reactor antineutrino rate and oscillations

Mixing Reactor Ve

«10* Reactor antineutrino spectrum and oscillations
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Reactor antineutrino rate and oscillations

1.0 -
~sin” 2013 ;
~Ams,
0.8 < >, L
0.6 1 L
0.4 3
0.2 1 L
No osc. —— Reactor (near)
— Full Solar
0.0 . . -
107! 10° 10! 10?
L. km
deficit value
Ami,L
1-— PVeHVe = Slr'l2 2913 Slr'l2 912 Slr'l2 4722

Entries/MeV, arbitrary scale

«10* Reactor
[<

Mixing Reactor Ue

antineutrino spectrum and oscillations
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0.6 1

0.44

0.24
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>
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YNSII’IZ 2013
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sin® Ace

Daya Bay & JUNO
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Reactor antineutrino rate and oscillations

«10* Reactor antineutrino spectrum and oscillations
[<

Mixing Reactor Ue
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Introduction Daya Bay, JUNO/TAO Daya

Bay JUNO/TAO

Mixing Reactor Ue

Reactor antineutrino rate and oscillations «10* Reactor antineutrino spectrum and oscillations
[< >
1.0 081 ~Am§2
os] L
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e
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Bay JUNO/TAO

Reactor antineutrino rate and oscillations 10! Reactor antineutrino spectrum and oscillations
[<

Mixing Reactor Ue
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Reactor antineutrino rate and oscillations «10* Reactor antineutrino spectrum and oscillations
[< >
1.0 - 2 R
0.8 Am32 :~sin2 2015 No osc.
— Reactor (near)
05 L — Solar
g 064 — Ful
>
S
0.6 1 L =
5
- 044
3
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8 y
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Challenges: Daya Bay JUNO
® Unreliable spectrum model total flux, spectrum shape fine structure?
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Reactor antineutrino rate and oscillations

1.0
Daya Bay Fa
0.6 L
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0.4 3
0.2 L
No osc. —— Reactor (near)
= Full Solar
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Challenges:
® Unreliable spectrum model
[ ]

Efficiency uncertainty
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Reactor antineutrino rate and oscillations
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Challenges:
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Efficiency uncertainty

Maxim Gonchar (DLNP, JINR)

Mixing Reactor Ue

antineutrino spectrum and oscillations
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x10% Neutrino mass ordering
294 — Normal ordering N/T%
o Inverted ordering E
3 2.0 <
g o
S 1.8
© .
164 K
[
2 144
2
E 1.2
1.0
115 2‘,0 2‘.5 3.‘0 3.‘5 4‘0 415 5.0
o, MeV
Challenges: Daya Bay JUNO
® Unreliable spectrum model total flux, spectrum shape fine structure?
e Efficiency uncertainty < 0.2% uncorrelated
® Energy scale uncertainty <1%
® Energy resolution <3% at 1 MeV
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«10° Neutrino mass ordering: op = 3% @ 1 MeV
2.2+ —— Normal ordering -
(')
© Inverted ordering E
T 2.0
B
§ 1.8
:
® 1.6 0
> SN—
[
2 144
g
E 1.21
1.0+
115 2‘,0 2‘.5 3.‘0 3.‘5 4‘0 415 5.0
Fuie, MeV
Challenges: Daya Bay JUNO
Unreliable spectrum model total flux, spectrum shape fine structure?
e Efficiency uncertainty < 0.2% uncorrelated
® Energy scale uncertainty <1%
® Energy resolution <3% at 1 MeV
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INVERSE BETA DECAY AND SELECTION CRITERIA

IBD selection Map Detectors Backgrounds
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INVERSE BETA DECAY AND SELECTION CRITERIA

IBD selection Map Detectors Backgrounds

200 ps

o124 .

) S ! prompt window

= of < 200 ps | 200 ps

“ 3 | nothing here | and nothing here ! and nothing here too

0.7 < s | ‘ i ‘
0 100 200 = 300 13 500 600
& iy t, ps
- 'S 1 MoV
Cut Daya Bay JUNO N [ o 5,
nGd nH R N
w5 =3

Instrumental Flashers Ny
Fiducial volume natural R < 17m VT
Time 200 s 1 ms -
Prompt E, MeV 0.7—-12 L
Delayed E, MeV 6—12 19-25
Distance, m no 1.5 0 (
Muon veto 0.6ms—1s TBD (teap) 2 28
Multiplicity veto, us +200 TBD

Maxim Gonchar (DLNP, JINR)

Daya Bay & JUNO

nGd (Daya Bay main)

March 11, 2020

CAC -

Plot: Daya Bay

Cherenkov: < 5%

7b / 24



Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO

INVERSE BETA DECAY AND SELECTION CRITERIA

IBD selection Map Detectors Backgrounds

CAC -
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Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO IBD selection Map Detectors Backgrounds

DAvA BAy, JUNO AND TAO LOCATION @ ) M

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

Daya Bay NPP Z it i ; The Daya Bay Experiment
‘and e

e

3 Underground
Experimental Halls

ing Ao Il Cores

J . \‘—“‘ : . Ling Ao | Cores
Af? " Taisfran NPP and b~ \ lz:gﬂm?r:)'r"';:-;;i:l

98 m overburden u 17.4 GWy, power

i y m 8 operating detectors
s Y 3 ngjia ) N PP e e m 160 t total target mass

Daya Bay Cores

Yangjian Taishan | Daya Bay Ling Ao Ling Ao Il | Huizhou
Thermal power, GW 29x6  4.6x42 2.9%x2 2.9x2 2.9%x2 2.9x6
Total, GW 358 26.6 17.4 17.4 7

Maxim Gonchar (DLNP, JINR) Daya Bay & JUNO March 11, 2020 8 /24
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ANTINEUTRINO DETECTORS (AD)

5m /20t GdLS

Maxim Gonchar (DLNP, JINR)

IBD selection Map Detectors Backgrounds

OO

Daya Bay | TAO JUNO
Attention Uncorr. ¢ unc. Energy resolution
Method Identical ADs nght collection
3 zones Dark noise
_ GdLS
Scintillator GdLS/LS © -50°C LS
. SiPM 18k 20"
PMTs 1928" | 1 5M5mm 26k 3"
Coverage, % 12 94 78
Light col. p.e./MeV 160 4500 1266 1350
E res. at 1 MeV, % 8.7 2 3
Detectors 4/4 n::ﬁ 1 1
Thermal power, GW 17.4 4.6 358 26.6
Baseline 0.5 km—2 km 30 m 52 km
IBD/day/AD  75/635 2000 60

Daya Bay & JUNO
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ANTINEUTRINO DETECTORS (AD)

35 m / 20 kt

Maxim Gonchar (DLNP, JINR)

IBD selection Map Detectors Backgrounds

OO

Daya Bay | TAO JUNO
Attention Uncorr. € unc. Energy resolution
Method Identical ADs nght collection
3 zones Dark noise
o GdLS
Scintillator GdLS/LS © -50°C LS
" SiPM 18k 20”
PMTs 19287 15M5mm 426k 3"
Coverage, % 12 94 78
Light col. p.e./MeV 160 4500 1266 1350
E res. at 1 MeV, % 8.7 2 3
Detectors 4/4 nefi: 1 1
Thermal power, GW  17.4 4.6 358 26.6
Baseline 0.5 km—2 km 30 m 52 km
IBD/day/AD  75/635 fr 2000 60

near

Daya Bay & JUNO
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ANTINEUTRINO DETECTORS (AD)

Sealing Top shield
glue HDPE, heat insulation laye
=l

Filling port

Side
Shield
(HDPE)
SiPM array]

Cushell|

Bottom shield 1 |10
JHDPE , heat insulation layey

< »
1.7m /26t

Maxim Gonchar (DLNP, JINR)

Cable
feedthrougl

Side
Shield

2| (HDPE)

Support

IBD selection Map Detectors Backgrounds

Daya Bay TAO JUNO
Attention Uncorr. € unc. Energy resolution
Method Identical ADs ngh.t collection
3 zones Dark noise
o GdLS
Scintillator GdLS/LS © -50°C LS
" SiPM 18k 20"
PMTs 192871 1 5M 5 mm  +26k 3"
Coverage, % 12 94 78
Light col. p.e./MeV 160 4500 1200 1350
E res. at 1 MeV, % 8.7 2 3
Detectors 4/4 nefi[ 1 1
Thermal power, GW  17.4 4.6 358 26.6
Baseline 0.5 km—2 km 30 m 52 km
IBD/day/AD  75/635 fr 2000 60

Daya Bay & JUNO
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BACKGROUND EVENTS

IBD selection Map Detectors Backgrounds

CAC -

DB Near S/N DB Far S/N Unc. | JUNO S/N Unc.
* IBD events/AD 635 75 \ 60
e Geov % negligible negligible  negligible 1.8 30
®  Accidentals % 1.3 1.6 1 1.5 negligible
° SHe/Li % 0.3 0.2 30 2.7 20
®  Fast neutrons % 0.08 0.07 17 0.2 100
o AN 13C % 0.03 0.07 45 no no
o 13C(a,nm'0 % 0.01 0.07 50 0.1 50
e  Total bkg % 1.72 2.01 \ 6.5
Accidentals -n isotopes Fast neutrons AmC (ACU)
9Li/fHe n-Fe
D A 3
v p-recoi
# n-Gd p

Maxim Gonchar (DLNP, JINR)

Daya Bay & JUNO
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DAYA BAY DETECTORS @
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Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO

DAYA BAY OSCILLATION RESULT: 500K /4M EVENTS

F TTT T T TIT 77T 3 j
£ x10
2.8 E i e o
L r w i o
o Ve : o —
L | 120F % °
O 26 E N
@ L %) lOOj O
o [ = 7 g s s i © =)
;‘ 2.5¢ g 80; —+— Farsite data (=]
= F 12} r ——— Weighted near site - best it 2
Néu 2.4: GC_, 60; — Welghled near site - no osc. ;
g r Li - [E1) Accidental ->2
r r [ #am-c
2-9: 40— °Li/ *He &
L © “c(a.n)®o -
22f 20 — Fast neutrons %
B TP r 5
; [mm
5'n2(2913) 1.04F g
T 102 o
. — = =
sin2613 = 8.56 £ 029 x 1072 3.4% g 15 —
0.98—
2 _ +0.068 -3 /2 0 S 096
|Am,,| =2.52270 50 x 1077 eV 2.8% g 0%
< e
x°/NDF = 148.0/154 precision * 0:2;

v Consistent with 3v oscillations
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DAvyA BAY OSCILLATION RESULT

[nH, 621 days, arXiv:1603.03549, PRD |

’nGd, 1958 days, arXiv:1809.02261, PRL‘

® Most precise sin’ 2613 measurement.

® sin% 203 = 0 is excluded at almost 300.

® nH sin? 2015 measurement is world's third

in precision.

Second world’s measurement of Am3,.

Am3, is consistent with and complementary

to accelerator measurements.

Negligible correlation between

sin? 2013 and Amge.

Maxim Gonchar (DLNP, JINR)

Daya Bay & JUNO

G 0

Experiment Value
Daya Bay 1Gd ret 0.08560.0029
RENO nGd —— 0.0896£0.0068
Daya Bay nH e 0.07120.011
D-CHOOZ nGd+nH e 0.105+0.014
RENO nH boe 0.08520.014
bayessian —_— 0.09970037
T2K NH ———————— 0.105590%1
TH —_— 0.1165003%
006 008 01 012 014
sin? 26,5 —
!
Experiment Value (1073 eV?) g
JUNO (expected) v 2.47140.013 2
Daya Bay —— 24710088 8
T2K e 2463%000% 5
MINOS — 2.42:40.09 4;5;
NOvVA (UO) —— 2.48* 555 B
IceCube —— 2.31501% =
e
RENO (nGd) L 2.634+0.14 2
Super-K ——— 2.534033 g
RENO (nH) 248503 g
21 22 23 24 25 26 27 28 o
O

[Am2,| (NO, 10-%eV?)
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LIGHT STERILE NEUTRINO SEARCH

621 days, arXiv:1607.01174, PRL|

® Sterile neutrino cause spectral distortions,
different at the near and far sites.

v Relative measurement.

v/ independent of reactor related systematics.

(Measured) / (Expected from EH1)

e Consistent with 3-flavor oscillations.

eH2 —Data [J3v best fit

+ .JLH +|++ Aol
T

Prompt energy (MeV)
Maxim Gonchar (DLNP, JINR)

Daya Bay & JUNO

G 0

| [eV?]

2
IAmAl
iy
1S)
2

102

10°

— - Daya Bay 95% C.L.
— Daya Bay 95% CL
—— Daya Bay 95% expected (+10)
- Bugey 90% C.L.

105
10

10? 10"

March 11, 2020
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LIGHT STERILE NEUTRINO SEARCH UPDATE

1230 days+MINOS, arXiv:2002.00301|

® Sterile neutrino cause spectral distortions,
different at the near and far sites.

v Relative measurement.

v/ independent of reactor related systematics.

(Measured) / (Expected from EH1)

e Consistent with 3-flavor oscillations.

eH2 —Data [J3v best fit

lﬂ'

ot
AR

1T

{ad

53 4 5
Prompt energy (MeV)
Maxim Gonchar (DLNP, JINR)

6

G 0

10

[y

AmM2, [eV3]

(median, 1 and 20)

— Daya Bay Excluded 90% CLS
-~ Bugey-3 Excluded 90% C.L.
— Daya Bay+Bugey-3

Excluded 90% CL

T T TTTT III B T
— Daya Bay Excluded FC 0% C.L. B
== Daya Bay Sensitivity FC 90% C.L.
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Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO

LIGHT STERILE NEUTRINO SEARCH UPDATE (=
1230 days+MINOS, arXiv:2002.00301|
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Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO

— MiniBooNE (2018)

LIGHT STERILE NEUTRINO SEARCH UPDATE (=
1230 days+MINOS, arXiv:2002.00301|
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Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO

INDIVIDUAL SPECTRA OF 2°U AND *Pu

Observed positron spectrum

\3
120010
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T Prediction uncertainty
600 e i
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2 MeV Windows
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6 7
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® Disagreement with Huber+Mueller:

Maxim Gonchar (DLNP, JINR)

Extracted antineutrino spectra
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® 4 —6 MeV excess: 7% 2%°U /9% **'Pu.
5.30 global/6.30 local. o 2357 shape discrepancy: 4o.

Daya Bay & JUNO
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Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO

DAYA BAY STATUS AND PROSPECTS @
DAQ status Highlights
v/ Stable operation. v/ Individual measurement of **°U /?*Pu spectra.
® December 2020: shutdown ceremony. v/ New oscillation result, 3% precision, 12%
Prospects improvemzent: .
e Combined analysis with PROSPECT: S 2 = 680 22 022 < UG
reactor spectrum and sterile. |AmZ| = 2522745 x 1073 ev?
® Studies to be updated: Recent publications:
» sin260;3 and Am3, measurement on nH. 1808.10836 PRD v, reactor flux
> Final oscillation parameters measurement. 1809.02261 PRL 7. osc. pars. (nGd)
1809.04660 PRD 7, time variation
® Search for GW related neutrino events. New publications:
1904.07812 PRL 7, *°U/**Pu spectra
2002.00301 Us DB+MINOS

Maxim Gonchar (DLNP, JINR) Daya Bay & JUNO March 11, 2020 17 / 24
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CIVIL CONSTRUCTION
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Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO

JUNO CONSTRUCTION STATUS

Civil construction

® Most of the tunnels finished.

® Transportation tunnel 389/506 m.

® Exp hall: above hall almost finished.
® TODO: detector cavern.

® Expect to finish by June 2020 (?).

Experiment preparation
® 1:12 prototype at IHEP: 600 tons.
® TAO: CDR coming soon.

e OSIRIS R&D: Online Scintillator Internal
Radioactivity Investigation System

> Sensitivity: 107 g/g for U/Th within 24 h.

Maxim Gonchar (DLNP, JINR)

Status Schedule Physics

e

Daya Bay & JUNO

Detector assembly technique: [=]
https://www.youtube.com/watch?v=B_uPQZPgU00
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Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO Status Schedule Physics

JUNO PMT STATUS @O

Large 20" PMT system

® 12768 MCP PMTs by NNVT: delivered.

® 5000 Dynode PMTs by Hamamatsu: delivered.
® Testing: mostly done.

NNVT MCP Hamamatsu Dynode

® Protection cover: production started.

Small 3" PMT system
v Complementary PMT system:

> Increase dynamic range. » Control systematics.

® 26000 PMTs by HZC: produced.

NNVT Hamamatsu HZC

PDE, % 28.3 28.1 24
TTS, ns 12 2.7 1.5
Maxim Gonchar (DLNP, JINR) Daya Bay & JUNO
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Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO Status Schedule Physics

JUNO SCHEDULE @ e

Complete con-

ceptual design. End of civil
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 4+ PMT installation.
struction, PMT production. First potting. 81 Detector
production line. electronics é‘i and veto
prototypes. % i construction.
[0) |
=
|
|

Maxim Gonchar (DLNP, JINR) Daya Bay & JUNO March 11, 2020 22 /24



Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO

NEUTRINO PHYSICS AT JUNO 1

¢ Neutrino mass ordering (NMO)
> 30 NMO sensitivity within 6 8 years.
> 40 with Am2, input from accelerator experiments.

» > 50 combined analysis with lceCube within 3-7 years

or PINGU in 2 years.

» Combination with accelerator experiments — promising.
® Neutrino oscillation parameters measurement

> ~ 20 oscillation cycles in a single experiment.
» Expected precision for Am§2/21 and sin? 201> < 0.7%.
> sin® 263 precision only 15%.
» Test Upmns unitarity on < 1% level.

® Atmospheric neutrinos »

> Measure 03 with 6° precision.
» Complimentary NMO sensitivity.

Maxim Gonchar (DLNP, JINR) Daya Bay & JUNO

(Daya Bay: < 3%).

Status Schedule

Physics with TAO

® Precise reactor U, spectra:

® Search for sterile neutrino.

Sensitivity (o)

> Total spectrum.

» 2357 /239Pu spectra.

3.0

2.5

Physics

@

Normal Hierarchy

- EI'ectron' neutrlinos L F"oint-li'ke
----Muon neutrinos - - - - Track-like
[— Electron+Muon =~ —— Point+Track

Livetime (year)

20

March 11, 2020

[JUNO, IceCUBE, PINGU, arXiv:1911.06745] D
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Introduction Daya Bay, JUNO/TAO Daya Bay JUNO/TAO Status Schedule Physics

NEUTRINO PHYSICS AT JUNO II

® Solar neutrino »
» 10 — 1000 “Be and ®B neutrino interactions per day.
® SuperNOVA

> Sensitivity: flavor content, energy spectrum, time evolution.
> 10k events (5k via IBD) for SN @ 10kpc.

¢ Diffuse SuperNOVA background (DSNB) : '\

counts / day / kton / MeV

itivity i . 10702 04 06 08 1 1L e ‘1‘.‘5"‘ 18
» 30 sensitivity in 10 years or strongest constraint. Energy (Me)

® Geo neutrino »

> 400 — 500 neutrinos per year.

g accidental background
. . .. . st neutron background
> Largest statistics. Precision 5% in 10 years. 3 e background
2 a-n background
5 23 geo-neutrinos from U
- :
° Proton decay 210 ‘geo-neutrinos from Th

» Competitive sensitivity via p — 7 + K.

> Triple coincidence signal.

anti-neutrino energy/MeV

Maxim Gonchar (DLNP, JINR) Daya Bay & JUNO March 11, 2020 24 /24



Spares Daya Bay JUNO

Thank you for your attention!

Spare slides:

DAyA BAy
m Dataset summary
m Systematics summary
m Energy model
m Relative efficiency and energy scale

JUNO

m PMT lab
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Spares Daya Bay JUNO

DATA SET: 1958 DAQ DAYS

Dataset summary Systematics summary Energy model

G 0

EHI EH2 EH3
AD1 AD2 AD3 ADS8 AD4 AD5 AD6 AD7
7, candidates 830036 964381 889171 784736 127107 127726 126666 113922
DAQ live time (days) 1536.621 1737.616 1741.235 1554.044 1739.611 1739.611 1739.611 1551.945
Eu X Em 0.8050 0.8013 0.8369 0.8360 0.9596 0.9595 0.9592 0.9595
Accidentals (day ™) 8.2740.08 8.1240.08 | 6.004+0.06 5.86+0.06 | 1.06+0.01 1.00+0.01 1.03+0.01 0.86+0.01
Fast neutron (AD™* day ™) 0.79 £ 0.10 0.57 +0.07 0.05 £ 0.01
9Li/*He (AD™* day ™) 2.38 £ 0.66 1.59 4+ 0.49 0.19 £ 0.08
Am-C correlated(day™") | 0.17+£0.07 0.1540.07 | 0.1440.06 0.1340.06 | 0.06 4 0.03 0.05+0.02 0.05+0.02 0.04 +0.02
3C(a, 1)'90 (day ) 0.08+0.04 0.0640.03 | 0.04+0.02 0.06+0.03 | 0.04+0.02 0.04+0.02 0.04+0.02 0.04+0.02

Ve rate (day’1 )

659.36 &= 1.00 681.09 £ 0.98

601.83 &+ 0.82 595.82 + 0.85

74.75+0.23 75.19 +0.23 74.56 +0.23 75.33 + 0.24

v/ 1958 days of DAQ data.

v Above 3.9M IBD candidates, 0.5M of them are on a far site.

v/ Statistical uncertainty in U, rates: 0.1% — 0.3%.

v/ Background contribution to 7. rate: 1.5% — 2%.

v Background uncertainty in 7, rates 0.1%.

Maxim Gonchar (DLNP, JINR)

Daya Bay & JUNO

(high statistics)

(low background)
(low systematics)
(+highly redundant)
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Spares Daya Bay JUNO

SYSTEMATICS: 1958 DAQ DAYS

Parameters Uncorr. Uncertainty Comment
& Oscillation parameters (reactor) P
Oscillation parameters (solar) P negligible
" Thermal power R 0.5%
_ Fission fractions RI* 5%
£ Average fission energy I 0.12% — 0.25%
&"3 Off-equilibrium correction RI 30%
SNF contribution R 30%
U spectra IE 2% — 30%

" Relative efficiency D 0.13% dominant
S Relative energy scale D 0.2% } part. correlated
§ Energy scale non-linearity P <1%

3 Energy resolution P 30% negligible
IAV energy distortion D 4%

"~ Accidentals rate D 0.4%

- 8He/"Li rate S 30% secondary
§ 9L contribution to *He/"Li 5% negligible
Eo Fast neutrons rate S 10% — 17%
s “"Am-"*C rate 40% — 45%
@ BC(a, n)'°0 rate D 50%

Background spectra shape no negligible

Maxim Gonchar (DLNP, JINR)

Daya Bay & JUNO

Dataset summary Systematics summary Energy model

G 0

Uncorrelated groups
Parameter

Reactor

Fissile Isotope

Site

Detector

Energy bin

* — part. correlation
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Spares Daya Bay JUNO Dataset summary Systematics summary Energy model

ENERGY RESPONSE CALIBRATION

Automated calibration units (ACU)

® Three ACUs with: 000 (weekly), ®Ge, *** Am-'3C, LED.
® Continuous energy scale calibration with spallation neutrons.

Energy response nonlinearity

® LS nonlinearity (quenching and Cherenkov) + Electronics nonlinearity.
X Difficult to disentangle.

Updates

v ADC/FADC simultaneous readout in a EH1-AD1 since 2016
— measurement of electronics nonlinearity.

v Deployment of °Co calibration sources with different coating material (early 2017)
— measurement of shadowing effects.

v/ MC simulation of energy loss in ®°Co coating material.

Maxim Gonchar (DLNP, JINR) Daya Bay & JUNO March 11, 2020 28 /24



Spares Daya Bay JUNO

ENERGY RESPONSE CALIBRATION

200
s ¢ Gamma data
2
H 108 N7 FADC data
s [
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~
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Daya Bay & JUNO

Dataset summary Systematics summary Energy model

G 0

[arXiv:1902.08241, NIMA|

v Decoupled electronics and
scintillator nonlinearity

v/ Continuous 2B spectrum

v/ Combined positron energy
nonlinearity uncertainty:
1% — 0.5%
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Spares Daya Bay JUNO Dataset summary Systematics summary Energy model

RELATIVE EFFICIENCY AND RELATIVE ENERGY SCALE %

® Relative efficiency — sin“ 26013 uncertainty. ® Relative energy scale — Am%2 uncertainty.
2w0[F ] . Neutron from IBD o Neutron from muon spallation
= IBD v Alpha from natural radioactivity =  Gamma from natural radioactivity
neutrons + Neutron from IBD (alternate method)
285F ] ) 3
R — e 30 5. |2
g ot + b G o £ |3
= -2|
12 L -
E » 211 13 Eg 3 Y s
=9 ““Am-"C neutrons o~ F vu o' . L «
8 285k h e - F
£ — 8 |
§ -
£ 28F = b2 . :
& N .
A : UE D °
29— —+—_+_ ] 2 3 2
285} : ; :
N Spallation neutrons 21 - . . G )
- ADI1 AD2 AD3 Aggetecrﬁ?“ ADS AD6 AD7 T . T e e

Reconstructed energy (MeV)

v Relative Gd capture fraction unc. < 0.10%.

v Relative efficiency uncertainty < 0.13% / Relative energy scale uncertainty < 0.2%.
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JINR PMT TESTING LABORATORY

. .

Maxim Gonchar (DLNP, JINR) Daya Bay & JUNO March 11, 2020 31 /24



	Introduction
	Neutrino masses and mixing
	S: Mandatory slide I: Neutrino mixing
	S: Mandatory slide II: Neutrino mass and ordering
	Reactor ν oscillations
	S: Reactor electron anti-neutrino production

	Daya Bay, TAO and JUNO
	IBD selection
	S: Inverse beta decay and selection criteria
	Map
	S: Daya Bay, JUNO and TAO location
	Detectors
	S: Antineutrino Detectors (AD)
	Backgrounds
	S: Background events

	Daya Bay
	S: Daya Bay detectors
	S: Daya Bay oscillation result: 500K/4M events
	S: Daya Bay oscillation result
	S: Light sterile neutrino search
	S: Individual spectra of 235U and 239Pu
	S: Daya Bay status and prospects

	JUNO and TAO
	Status
	S: Civil construction
	S: JUNO construction status
	S: JUNO PMT status
	Schedule
	S: JUNO schedule
	Physics with JUNO
	S: Neutrino physics at JUNO I
	S: Neutrino physics at JUNO II

	Appendix
	Spares
	Daya Bay
	Dataset summary
	S: Data set: 1958 DAQ days
	Systematics summary
	S: Systematics: 1958 DAQ days
	Energy model
	S: Energy response calibration
	S: Energy response calibration
	Relative efficiency and energy scale
	S: Relative efficiency and relative energy scale

	JUNO
	PMT lab
	S: JINR PMT testing laboratory



