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The Jiangmen Underground Neutrino Observatory
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The main goal: the neutrino Mass Ordering (MO)

Mass Ordering (quasi) in-vacuum (independent of 6cp): unique result!
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Interference between slow (solar) and
fast (atmospheric) oscillation modes

> Large detector volume (20 kilo-tons of Liquid scintillator)
>~ Unprecedented energy resolution: 3%/,/E (MeV) and energy scale
accuracy (<1%)
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> Large detector volume (20 kilo-tons of Liquid scintillator)
>~ Unprecedented energy resolution: 3%/,/E (MeV) and energy scale
accuracy (<1%)

30 sensitivity in 6 years
(= 50 from combined analyses with ORCA or T2K/NOvA)

JUNO+LBVvB

JUNO+ORCA
50 : 1 I 1 I 1 ' I 1 1 1 1 I 1 1 1 1 I 1 1 1 ' I 1 ) : — 1 0
- ' —_— Am3221,na o fluctuation, 5¥¥° = — 0.91z (NMO) - b i
45 = E ...... Am3, . no fluctuation, 540 = — 0,467 (IMO) = : i
40 : = £ 8|
= ' Am3, . with %16 fluctuation, 5'” = — 0.917 (NMO) = S
% 35 ' — —
— P T Am?, with =16 fluctuation, 5210 = — 0.46x (IMO) - s
8 30F- : e 4 2 6
4 — : = (4}
+ 25 =il 000 S - N
Q — ! . =
Ns 20;_ . arXiv:2008.11280 = B 4
N = e P S -
SR 1 = S il B S s et = =
10%-3 G—=—-1-—'—'ﬂ:':T:T:.-:.-='-=""--—-'-lr-:r.'.-.'.-.'.-.:.-.'.‘.‘.‘.‘.‘.‘.‘.‘.'.'.'.'.'.':‘.'.'.'.'.'-.'-.'-.'-.': &) 2 I
S E_ ' : ‘_"(Amzzz)NuFizs.o LBuB "(Amgz)nx 2019 _E
0 — L I . 1 . l 1 . 1 A . . 1 1 1 1 1 . 1 . 1 . I . — i 1 l L L L I 1 L L l 1 1 1 l 1 1 L
0.5 1.0 1.5 2.0 2.5 3.0 0 5 4 5 3 10
O(An’322)l.BuB ( % )

French contributions Time [years]

Mariangela Settimo

JUNO at CNRS, CS-IN2P3 4



Osclllation parameters determination

Precision to sub-percent level for Am22;,sin2012 and Am23; in 6 years of data
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A V(O ST p h yS | CS p O g r'arm) Details in J. Phys. G 43 (2016) no.3, 030401 and arXiv:2104.02565

(Also presented in CS IN2P3 2018)
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NMO, oscillation parameters

Additional rare events physics studies
(proton decay, sterile v,...)
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T h e J U N O D e -‘-e C -‘-O r Details in : J. Phys. G 43 (2016) no.3, 030401,

Updates: JUNO Collaboration, arXiv:2104.02565

700 m underground
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o e e calibration house
_____ nop3  TOP Tracker
| Les deux infinis .
_. Muon tracking for cosmogenic
wﬁv_ng N Water pool k background reduction J
R N = - T. A |7 |
2 ‘\‘“ < VR Y

i ., t":-*lr WL |
3& o nm Earth magnetic
% BYE — field compensation r

r TAO detector \ ” ‘ , 4 8C T ¥l coils

- 5100

17612 Large PMT (20") x

- Photo-multiplier

| tubes
| I

SR T R e
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Acrylic supporting
nodes

cir 25600 Small PMT (3")
\ L|(!\|2Pf3 Dual Calorimetry J

A l-} mﬁ
> 2.8 tons Gd-LS (1t FV) 20 kt Liquid

> 30 m from Taishan reactor scintillator
> precise measurements of

Kreactor anti-o spectrum J

Radiopurity control )
nz2p3 (Central Detector)

Les deux infinis

k To reduce accidental backgroundJ
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ere we are: Civil construction

N T |
TRURIET -~

~

.‘ 'r\‘
L

Mariangela Settimo JUNO at CNRS, CS-IN2P3




Where we are: Instrumentation

LPMT (20")

22416 LPMT produced and tested,;
Electronics under mass production

SPMT (3")
All 26000 SPMT produced and tested . - ey | .

| | | . ' _ = & Pre-assembly of acrylic sphere
Potting and acceptance test ongoing. Electronics under production | on installation platform _

Acrylic sphere
100% flat panel produced; Radiopurity control in progress
Cleaning strategy being defined

Top Tracker
Already at JUNO site, full electronics chain being
finalized, mechanical structure well defined

Liquid Scintillator
200 tons of LAB filled into the 5 kt LAB tank
Al,O4 column plant installed in the LS surface hall

Calibration system
Calibration house: Production completed

4 t}e'7 containers in
he stockage hall

Steel structure
Production: 95% finished
anchors of SS structure and lifting platform: installed .... (and many more)
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Project timeline

Detector Installation in 2022

Data
Taking

Det. assembly

completed
*  Det. filling &
comissioning

2019-20

. TAO construction

Electronics

production starts
* Civil work and lab
preparation
* Det. construction

. PMT potting start

Delivery of
surface buildings

e  Start production
of acrylic sphere

starts

Start PMT testing *  OSIRIS was
* Top Tracker funded
: *  TAO working
arrived!
group formed

* Daya Bay LS tests

Start PMT

production
» Start CD parts
production

PMT production

line setup

* Start civil
construction

CD parts R&D

Int. Collaboration
established!

Mariangela Settimo JUNO at CNRS, CS-IN2P3
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JUNO collaboration

Country Institute Country Institute Country Institute
Armenia Yerevan Physics Institute China IMP-CAS Germany FZJ-IKP
Belgium Universite libre de Bruxelles ,”"[ YSU it ool : U. Mainz
Brazil PUC e - Tsinghua U. n U. Tuebingen

UCAS
USTC

China

g China

China China
China China
China ] China
China | L China
China DG China

% China ECUS China
China Guangxi China
China Harbin Institute of Croatia Russi b
China IHEP Czech Charles U. Russia
China Jilin U. e e, |Finland University of Slovakia
China Jinan U. ce [JCLab Orsay Taiwan-China
China Nanjing U. ance CENBG Bordea Taiwan-China i

~~ JChina Nankai U. ance CPPM Marseille Taiwan-China \f,l

China NCEPU rance [PHC Strasbourg Thailand s
China Pekin U. France Subatech Nantes Thailand
China Shandong U. Germany FZJ-ZEA Thailand
China Shanghai JT U, Germany RWTH Aachen U. USA UMD-G
China IGG-Beijing Germany TUM USA UC Irvine
China IGG-Wuhan Germany U. Hamburg ~

-

Collaboration established in 2014
Now : ~700 collaborators, 77 institute members
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JUNO International structure

JUNO
Collaboration

M. Dracos
(Chair)

Institutional Board

M. Dracos Fundine C ” Spokesperson F. Perrot
(Chair) s omree Executive Board (Member)
Membership Committee
Technical Board
‘ ] M. Settimo
‘ Speakers Committee | (vember)
\ Publication Committee \
M. Settimo
I Award Committee (Member)

| Physics Coor dmato

L.2 systems, task forces

M. Dracc.)s, Veto-L2, TT-L2 Analysis Coordination |J.P. de Andre
C. Cerna, SPMT-L2 (since 02/2020, former A.Cabrera) Committee (Member)
A. Cabrera, “New calibration” task force

Several other responsibilities at
L 3-level and In review committee

- International Scientific Committee
- Kate Scholberg (Chair)
« Serguey Petkov

- Schodnert Stefan

* Yoichiro Suzuki
 Atsuto Suzuki

- Berrie Giebel

* Victor Matveev

* Yuanning Gao

« Marco Palaviccini
 Jennifer Thomas

+ Bylaws
+ Speaker committee rules

+ Publication committee rules
+ Code of Conduct

Mariangela Settimo
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The IN2P3 tfeams

[JCLab
“{GENBG M (02 F1E) CCINZP3
L OMEGA )
0.2 FTE
| CPPM Subatech  LENBG (0.3 FTE) ( ) : :
o 5 (3.3 FTE) 48 members: 18 scientists

and 30 technical staff

IPHC 6uboiea Rkl CENBG

Institut PllﬁLdés?cip)éngligs (1 . 9 FT E)

rratA BOURG ' members
A . ° ‘ CPPM
Since 2019 — _ IPHC
/\J\ B!JOFML&E 1 (0.05 FTE) (3.9 FTE) 3 PhD completed
P\L/C i PHC ___IjCLab _ and 3 ongoing
| 4 (3 FTE) 2 (1.2 FTE) Technical staff (FTE)

Scientists

Based on NSIP 2021 (1st semester)

Microelectronics

+ (JMEGA o

t de Physique des Particules

National organisation chart and main sub-systems and contributions

M. Dracos J. Wurtz / C. Cerna
JUNO-Fr RS National RT National

L1 IPHC
Main physics contributions

5 Science Data Center IV T Radio - Measurement of v oscillations

AU = [Pl purity - Dual calorimetry calibration for MO

F. Yermia Joao-Pedro Cédric Cerna J. Wurtz F. Perrot . o

SUBATECH IPHC CENBG IPHC CENBG - Radioactivity control for MO

IPHC CE';BIC;", IJCrl;ab’ IPHC CENBG - Muon reconstruction and cosmogenic background for MO
ubatec :
+CCIN2P3 +OMEGA +OMEGA  CPPM - Core Collapse Supernova Neutrinos (CCSN)
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The SPMT and dual calorimetry for MO

t CLab

Iréne Jollot Curie
La b atoire de Physique
des 2 Infin S

gubo

‘*j’,@ENBG

Dual Calorimeiry Calibration

Correct the charge non-linearity (QNL) of the LPMT at single channel level

» SPMTs in photon-counting mode: (~
cases) vs LPMT in charge mode (possible non-linearity)

» Possible quasi-independent cross-check and analyses (e.g., solar
oscillation parameters, muon reconstruction, core-collapse supernova)

» UV laser at detector center: SPMT as linear reference for the LPMT

;“ JC i LPMT
e
et & e,
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.
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RECEIVED: Nowember 14, 2020
ACCEPTED: January 5, 2021
PUBLISHED: March 1, 2021

a
[l

Calibration strategy of the JUNO experiment

JUNO collaboration

JHEPOS (2021) 004
(Participation to the Edition)

1 PE./PMT in 95% of reactor v

Dual Calorimetry System: proposal lead by APC+Subatech groups in 2014, approved in 2016

SPMT (3" PMT) system to control the non-stochastic terms in the energy resolution at <1%

stochastic
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M CLab Subof

Osclllation parameters determination o

JUNO (6 years): measurement of (012, Am2,,, | Am2;;|)

to a precision better than 1%

Am2, Am2, sin®f;p sin®0;3
JUNO 6 years ~02% ~0.3% ~0.5% ~12%
PDG2020 1.4% 2.4% 4.2% 3.2%

 General analysis

- 4 independent approaches (IN2P3 in two of them)
- Gommon inputs (energy resolution, non-linearities, backgrounds)

Sub-percent Precision Measurements of Neutring_
Oscillation Parameters with JUNO

Draft for Collaboration publication
(Participation to the Edition)

« SPMT independent analysis (event correlated with LPMT)

for solar oscillation parameters (61, Amzm)
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Background control for 7. spectrum — «genec 4

CPPM

Impact of residual background on the neutrino specirum Blue: IN2P3

0.22F i i it s s s l (1) Accidentals (material radioactivity) contributions

0.2 : A : I :ASCS:"ta" - Radiopurity control

_0.18 _ _ , _ JE L | :Fa;;mfs::m} (2) > Fiducial volume cuts
*-% 0.16 \ i 2 B PR « | — Geoneutrinos (3) - Time/space coincidence for prompt and delayed signals
© : : ‘ :
S 0.14 _ _
215 (2) Cosmogenic (°Li/8He)
§ 0.1E — - Muon reconstruction/veto (Top Tracker, Central detector,
% 0.08H Visible 2Er?ergy3(Me\:/3)5 o Water Pool)
C : ;
q) : S
o 006 — [BD Signal (3) Geo-neutrino

0.04 ——— |BD + residual BG - _

; ; ; g ; - U/Th decays in the Earth’s mantle/crust
002 _ ................ ..........................

- - Radiogenic accidental background
3 10 12 g d r|m]

Visible Energy [MeV] > ll() - 115
% 102 .................... ......................... ............... _ Inte ral: _______ E; ________________
Event rate per day o Background g 7Y AR E— _______________ 5 ﬁg il Ry
Selection | IBD efficiency [ IBD ] Geovs | Accidental | *Li/*He | Fast | (a,7). o - o T
_ _ ]3 1.5 N ’4 . _ £ 1 pe— < 1 cpd. == T 72 A
S
Fiducial volume 91.8% 76 1.4 7 0.1 | 0.05 S10 b Fiducial volume -/ B A
Energy cut 97.8% 410 :a_,_; i : = = I
Time cut 99.1% 73 1.3 71 S0 g e
Vertex cut 98.7% 1.1 £ 1073 Bear el L
Muon veto 83% 3 :
Combined 73% g 10—4 | R S S e WY M .
<

A l:l | |
1000 2000 3000 4000 5000 6000
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Radioactivity measurements

“{GENBG

CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE

CPPM

Measurements by gamma spectroscopy at PRISNA and LSM

» UWB structure

» UWB connect.

Cables
Heat sink
; ) = HV splitter HV Splitter (76%)
NS
. y = ABC
N ASSHV Units
N = GCU
. . . . L , Total SPMT-UWB:
SPMT contributions: PMT+ HV divider: 66%, UWB: 21%, Potting: 13% (150 mHz in fiducial 30 mHz in fiducial volume

volume, <300 mHz requirement)

Acrylic sphere: K/U/Th <107'% g/g requirement (256 panels, 580 tons)

3 complementary methods to select the acrylic panels:
e Neutron activation (Milano) = concentration K/U/Th in volume
e |CPMS (IHEP) = U/Th in volume
e [aser Ablation-ICPMS (CENBG/IPREM): U/Th on surface

¢ Radon requirement in the Water Pool : Activity < 10 mBg/m3
e Radon measurements of critical materials in 2018-2021: PMTs, electronics, liner

e \alidation of the liner and the critical materials by Radon diffusion and Radon

emanation measurements

Requirement 200 mHz achieved!

Acrylic Panel

PREPARED FOR SUBMISSION TO JHEP

Radioactivity control strategy for the JUNO JHEP 111 0721 (2021)
detector (Co-editor of the paper)

Angel Abusleme® Thomas Adam’® Shakeel Ahmad“’ Rizwan Ahmed"’ Sebastiano

Mariangela Settimo JUNO at CNRS, CS-IN2P3
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Core Collapse Supernova Neutrinos (CCSN)

6ub0

» Galactic CCSN rate ~ 1-3 / century. One expected during JUNO operation _ +Cha“ne+l - Tglée Num. event eXP‘Z_C(;gg (SN@10kpc)
. i , ) Ve p— e n ~
» Energy spectrum and Real time evolution of the neutrino signals V4D v NC ~ 2000
» Constrains CCSN models and progenitor masses; Hints on v properties vite —rvten NC ~ 300
| | | v+12C s v+12C* | NC ~ 300
» Multiple detection channels, dominated by IBD and pES (~ 7000 events at 10 kpc) v +120 5 e 412N | CC ~ 100
U +2C et +12B | CC ~ 100
. 100 3 L L L .
E ‘ Betelgeuse 1000 g~ S lig — .
E, 10 | 107 evts " : 1 Impact of SPMT electronics
Q 1 [ 10 - : { | Enormous eprOSIon qnd rqie Of evenis : 2140—— —o— SN 3 kpc (true hits) —&— SN 3 kpc - with electronics
é 104 evts 10 ‘ : 3 quor Chq"enge for elec-l-ronics and DAQ o I —e— SN 5 kpc (true hit.s) —— SN5kpc-witr1 electronic.s
Q O 1 N 1 . | N 9120—_ SN 10 kpc (true hits) —o— SN 10 kpc - with electronics
o0 f l 0.1 02 03 ST
% 001 " E ® ImpaCt Of SPMT e|eCtI’OnICS on CCSN §100:— 3 kpC | .++0+00+ +ll Worst case:
A 0.001 ¢ detection and ensure enough buffer on " sl \ TH (LLCM':H %1(23 slose
e e - Lidtl! ) ObAC .~°o
016 F e Mirizzi 2006, <d> = 10.6 kpc - readout board 6ol ﬁijmﬁl% il t
i . ' — oo %), QoY | T
%‘ 015 | - Ahlers 2009,<d>=109kpc {  ® <5% charge l0ss at the maximum peak rate sof- ,Tﬂjlﬂﬂ + +++++++++ HI ’r
: . i B I setaielll ] Il
§ — Adams 2013, <d>=9.7 kpc foraSN at 3 kpC o ¢ ﬁﬁ##ﬁ#ﬁﬂ * 5 kp ﬂ ++§+§
2 008 | .
Z, . : OoL“'oIf”'olz'
»n 004 Analysis in preparation: | | |

¢ \ertex/Energy Reconstruction of CCSN events;

e Event selection for multiple detection channels and spectrum unfolding

» Extension to MM-trigger and transient sources

Mariangela Settimo
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Technical contributions



Overview SPMT system  seenso ¥ S

Main responsibilities ( 2|V| EGA

A total of 200 UWB for 25600 SPMTs Microelectronics

/ /the DAQ

SPMT production, potting, tests: China
UWRB: Chile — production China

HV splitter board: Chile ABC heat sink
ABC (readout board): IN2P3 \ /
GCU: China + ltaly (developed for LPMT)

DAQ: China

Splitter

Asic Battery Card (ABC): IN2P3 responsibility

Underwater
connector

128 SPMT for each
Under Water Box

GCU heat sink

Participation to:

e SPMT specifications and company selection

e UWB conception and preliminary tests

e UW Connectors and cables (designed by AXON-France, produced by AXON-China)
e GCU board: participation to the interface firmware with ABC

e DAQ: collaboration with China

Mariangela Settimo JUNO at CNRS, CS-IN2P3 21



Readout board: ASIC Battery Card (ABC)

(Int. Responsibility)

.M) CLab

Iréne Joliot-Curie
Laboratoire de Physique
des 2 Infinis

“{GENBG

——

- W=

U 2 e
FPGA«Kinfex 7)

-

Hardware

board = 128 FMTs.

" _EATIROC

Designed in 2016 — 4 prototype versions produced

Performance tests and thermal studies = ABC_vO for SPMTs acceptance tests in China

ABC_v1.2 mass production @ FEDD (June - Oct 2021): 220 boards
— ABC acceptance tests and calibration

» Deliver to China by December 2021

Firmware and DAQ

¢ Charge and time measurements

e [rigger-less operation mode

e Discriminator Signal digitized on FPGA
to overcome CATIROC dead time

2000 CATIROC produced
and tested in 2019

2021

(S.A.

' PRODUCTION >

» ABC test firmware (successfully used for SPMT acceptance tests)

» ABC final (physics) firmware : in progress
» ABC+GCU firmware in progress

Remote integration/installation (2022)
Integration/installation responsibility transferred to IHEP

( ZMEGA

Microelectronics

gubotech

ECEIVED: December 2, 2020

L_, Main authors) A(}({mssp:] aaaaaa 30, 2021

~cepTED: February 21, 2021
PusBLisHED: May 11, 2021

CATIROC: an integrated chip for neutrino experiments
using photomultiplier tubes

ABC VO in air

1
-102, 6°CH

INTE

GRATION > (Shanghai)

| INSTALLATION (JUNO site) >

Mariangela Settimo
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ABC and SPMT acceptance tests SGENBG e

e Acceptance and calibration of the 220 ABC

 Final (physics) Firmware test on the complete SPMT electronics
chain (ABC+GCU)

Example of
measured SPE
(128 SPMTs)

Patchpanel ! -
with connectors

* Acceptance Test of all the 26000
SPMTs at Guangxi University

’

128 ch - 128ch

TestBenchB  TestBenchA = - 10000 SPMTs already tested,
.~ = v - 1% rejected or to be re-tested
(JUNO-SPMT publication)

Mariangela Settimo JUNO at CNRS, CS-IN2P3 23
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The Top Tracker system : overview IPHC Quec

bert CURIEN
STRASBOURG

3-layer T

Use existing modules from OPERA’s Target Tracker
H New electronics chain and supporting structure

Side view

24

55 25

325

Electronics access

60% coverage of the JUNO

projected surface
45

4
F I,

Ty N
A WAWE > )

P
Vs . "

Top view

0.75

46 5

IRETNSATIRT SRS - 1000 PMT

- 64000 electronic channels
- Expected rate (radioactivity) 50 kHz/PMT

Main responsibilities - Muon Track reconstruction: 0.2° precision
Modules (OPERA): IN2P3

Mechanical Structure: JINR

Electronics: IN2P3 + INFN/CAEN (see next slide)
DAQ: JINR
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Electronics developments for the TT

37— scintillator strips 'M’ ADPMT T [ WRS
i %16 ' L2 trigger
‘ l . Global
" } i \ " « :><63 , Trigger
I|t-power ROB CB ; Board
\Top Tracker Wall L1 trigger | DAQ
) g CB '= ap-
m TCP/IP Components of a TT wall :

ROBI:'I?'\' l“l“ » ~y * 16 PMTs Components Global system
FEB * 16 Front End Board (with MAROC by OMEGA) +  Global Trigger Board (GTB):
: / X X AQ 16 Read Out Board (ROB) 2 kHz event rate

* 1 Concentrator Board (CB): responsible for the L1 trigger
ROB (INFN) PMT FEB (IN2P3)

Electronics Component for 1 wall (x16)

1200 FEB produced and tested 80 boards
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Concentrator Board (IN2P3)
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1T electronics tests and prototype

® Sooior 16 ROB arrived from INFN

@ to be retested for CB+ROB tests

All FEB and connection cables delivered to China
iIn August 2021

Concentrator Board start mass production by end
of 2021

TT prototype @ IPHC

* 4 layers of scintillateur, 1/16 of a TT wall surface
2 FEB + ROBs per layers

* (CB validation (HW/FW)

* Also used for p flux measurement and
simulation/reconstruction validation
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Software contributions

6ubo

“GENBG

General / Geant4

-

.

» Orto-positronium generator and 8He/SLi correct decay

SPMT simulations and reconstruction

\_

» Implementation of the electronics simulations in the official

JUNO software
» Vertex and energy reconstruction
» ML studies (just started) for event reconstruction and selection

Number of p.e. per event True number of p.e.

Entries 5681

220
200
180
160
140
120
100

80

60

Mean 252.1

Std Dev  106.3

Reconstructed number of p.e.

Entries 5681
244.9
103

Example of charge
reconstruction

Std Dev

Counted number of p.e.
Entries 5681
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Mean 238.2

Std Dev  99.99 o[ A
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A e, DN+ TTS (10)
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11111
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Radial resolution [
3

[ 96.6%
15F
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Vertex reconstruction

Bias [cm]

Muon simulations and reconstruction

.

Rate (Hz)

with the Top Tracker

e Standard approach (released in JUNO software):
» 3D points defined from x-y strips coincidences;
» fit all combinations in different TT layers
» 0.2° median resolution

e Hough method under development to improve performances

50%

| @ ‘I

95%

0.08
Event display

of the TT prototype

M reconstruction

performance in official JUNO code

0.06
Bl Scint. Strips

0.04

— frue u #1

'
:.‘.:
iy

0.02

A | [ T @] | Idl|.| I.IJ

IIIElIIIlII:I
0'08.0 02 04 06 08 10 12 14 16 1.8 20

Opening Angle true-reco (°)

Synergies with SPMT analyses and
cosmogenic background studies
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Computing resources

estimé: 12 MB/s

JUNO TAO |—— == —
imite: EO MB/S yea ! CC-IN2P3 K (*) 40 GB/s produced at DAQ level, event selection on the local
JUNO : 1 IHEP < > farm to reduce data to 60-70 MB/s before transfer to IHEP
" ~ 2 PBlyear CNAF/JINR/MSU
_ _ Computing resources: ~ 12k CPU cores
Disk requirement: ~ 3PB/year e Data quality: 1000 cores
° Ravy dalta - 2.4 PB/year e Reconstruction: 6000 cores
* Callbration: 36 TB/year e Simulation: 3000 cores
e Reconstructed : 600 TB/year e TAO: 2000 cores

Data Backup in the European Computing Center:

» Shared resources between ltaly (CNAF), France (CCIN2P3) and Russia (JINR and MSU)

» MoU under definition
» in-kind participation to running costs (under evaluation)

Estimated CC-IN2P3 contribution:

2000 cores 200 TB (disk) 1PB/yr (tape)
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FInanclal resources

(1)

Top Tracker (in-kind contribution) : ~3.2 M

Hardware contributions:
SPMT: ~600 k€
TT: ~700 k€

Yearly contributions:
Functioning costs: ~200 k&

-

Running costs: ~100kE

Computing costs (in-kind contribution): under evaluation
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Conclusions

JUNO on the forefront in neutrinos physics in the next decade

JUNO detector installation in 2022

participation under evaluation)

Data taking expected soon

IN2P3 leading role in SPMT and TT systems

» French expertises recognized and demanded.

» Further technical participation to TAO (limited to supply 4 ABCO).
» Solid and coherent participation to the physics program

JUNO included in the national roadmap
of the research infrastructure 2021

» IN2P3 participation to the installation reduced by covid pandemic (remote installation strategies or limited on-site

MINISTERE

DE LENSEIGNEMENT
SUPERIEUR,

DE LA RECHERCHE
ET DE L'INNOVATION

Liberté
Egalité
Fraternité

Direction générale de la recherche et de I'innovation

Paris, le 1~1 OCT. 2021

Monsieur,

Suite a la réunion du Comité directeur des infrastructures de recherche le 13 juillet
2021, j’ai le plaisir de vous informer que JUNO sera inclus dans la Feuille de route
nationale des infrastructures de recherche 2021, avec le label IR.
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