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fast) V oscillations reminder...
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3 neutrino osclillations manifestation. ..

Let's take vy (a popular example) to start with...

appearance

“propagation” in vacuum/matter

observation: both (the anomalies) & (July 2013) have been seen

all observations (most!) consistent with 3v oscillation model
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ingredients for neutrino oscillations. ..

Non-degenerate @ Mixing in the Oscillation Probability

mass spectrum leptonic sector T P=£(0,Am?)

(Am2) (©)
quantum Interference UPMNS matrix
(macroscopic) (a la CKM)

Two neutrino approximation

i

L/E (km /GeV)
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3
Am§1 Am§1 Amgl
1 0 0 e C13 0 e_"‘sig‘f’ 2 cio Si1» 0
U= 0 <3 53 ] 1 0™ (% —sip ¢ O
0 —523 (23 I 513 0 C13 . 0 0 1
atmos—+LBL(dis) Chooz+LBL(app) solar+KamLAND
ATMOSPHERIC ANOMALY PREDICTION SOLAR ANOMALY

effective decoupling of “solar” & “atmospheric”:
«Om? (order 10-°eV?) versus Am? (order |0-3eV?)

*0,3 being small (relative to very large 012 and 03)

/9|3 drives this!!!

B m O . Uckm

(Ve,Vu, Vo)t = U(Vi, V2, v3)T, where UPMNS |ooks like ( m g B ] -
m m B ( R
is U unitary? [if not— 4th v family]
UPMNS
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he JUNO project/experiment...
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More than 70 institutes from 17 countries

\

ArmeniaYerevan Physics Institute Ch!na Nanjing U.

BelgiumUniversité libre de Bruxelles Ch!na Nankai U. Finland U. Jyvéskyl Italy INFN-Milano Bicocca
BrazilPUC Rio de Janeiro ChinaNUDT France APC Paris| — LAL Orsay | !talyINFN-Padova
BrazilUE Londrina China NCEPU France CENBG BoTaaatR Italy INFN-Perugia
Sl RS Y AR oKD L, | France CPPM Marseille L Ita_ly:lglgg-s_oma 2
ChileUTFSM Valparaiso ChinaShandong U." atvia iga
ChinaBISEE China Shanghai JT U." e et Pakistan PINSTECH Islamabad

; : ' France Subatech Nantes :
ChinaBeijing Normal U. ChinaSYSU : RussiaINR Moscow
ChinaCAGS China Tsinghua U. SRIey/2=i 4 J0leh RussiaJINR
ChinaChongQing University ChinaUCAS Semanyiryy IH rdenen U RussiaMSU

: China USTC Germany TUM SlovakiaU. Bratislava FMPICU
Ch!naCIAE Ch!naU £ South Chi Germany U. Hamburg Taiwan National Chiao-Tung U.
ChinaDGUT inal. of South China Germany IKP-2 FZ Jiilich Taiwan National Taiwan U.
ChinaECUST ChinaWu Yi U. . Tai . .

. , ; Germany U. Mainz aiwan National United U.
ChinaGuangxi U. ChinaWuhan U. ) .

e i Germany U. Tuebingen Thailand NARIT

ChinaHarbin Institute of Technology ChinaXi'an JT U. ital II\jFN Catani Thailand PPRLCU Bangkok
ChinalHEP China Xiamen University G .a —— . Thailand SUT
ChinalMP-CAS China Zhengzhou U. tiatyNFiN-al Frascat] USAUMD!1
Chinadilin U. CzechR. Charles U. Prague Italy INFN-Ferrara USAUMD2
ChinaJinan U Italy INFN-Milano

e |UNO collaboration...
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UNO location.

I-!oné’kbng

TaiShan (9.2 GW under construction,
9.2 GW planned)

an (2.9 GW operating,
14.5 GW under construction)

simplistic schedule: data-taking aim to start by <2022
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’ the JUNO laboratories...
on surface facilities

Power Station
Ventilation
Pure water
LN2

Cable Tower
;;3’?;;5 L f?_ :

Y *construction support
(;iicf

o

*running

schedule driver

(delay ~ | year)

*detector cavity (now)

*underground facllities

Electronics/calibration

: — — || | Experimental Hall I' I' -
Railway i S e T LG e T | Crane: 20/5 tonsx2 u n e g o u n c aVI y
, T 23+1°C, <70%
Installation hall :
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. the JUNO detector (famous predecessors). ..

SNO @ Canada & SuperKamiokaNE J
Nobel prize 2015) ENGES. i (Nobel prize 2015)
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JUNO can be regarded as a hybrid of both... SRR R NN . Nl
(filled with liquid-scintillator— MUCH more light) ., =i 4,000 PMTs (20" diameter)

vy
~ o et
Researcl
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lour (huge) detector. ..

Underground Laboratory:
*~/00m overburden— ~3U/s
*~53km baseline to reactors

Neutrino Detector:

*~20k ton liquid scintillator
[acrylic | 2cm surrounding]

‘éﬁgﬁ EEE.?E.:.E N "~18k 20” PMT (|mp|05|on maSk)
e W) 25k 3” PMT (stereo-calorimetry)

- .--. X

ecompensation colls: Earth B(field)
*high radio-purity control
Calibration Articulation(s):

*access chimney

*calibration deploy system(s) [box]

SeE R o (| 1 Veto Detector(s):

/w7 S
o />

e =12 e e water-Cherenkov (41T U’s)

.l - 1)
A\

s | 4

V‘ L

» o VL -

: sALE.
| 2 rad A
1 hY \

X

N

—=)m rock-Y's shield (inert)

*top-tracker (multi-layer & top)
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o 4 : A 4! \ iy ‘ L b | . _i
JUNO PMT systems Large (20”) and Small (3”) PMTs

JUNO a photocathode colosso— yield energy resolution!
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FADC @ Double Chooz...

many channels — triangulation info

*charge: single-photon resolution
«timing: fraction of ns resolution
*derived information (i.e. reconstruction): position, PID, etc
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: inverse-f decay (IBD) interaction. ..

IBD detection art...

n-capture

(delay)
R n

2::::()‘:; Slike » n-Cd (doped)— v discovery
(0.511keV) n-Gd (doped)-’ >Chooz

(prompt) — Yy
n-Li (doped)— >Bugey3
note: H = proton (oils or water) scale O(Us)]

3He (different technology)

(native)
n-C (native oil)

no e+ PID implies
et= BG (Y = e- = X = p-recoil)
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prompt vs delay energy spectra...

. DC-IV-IBD(Gd+H) - 864 days -

Neutrlno 2016 Prellmlnary

no Gd-n peak (~8MeV)

s . A
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H n peak (2. 2MeV) -
~8 10 12 14 16 18 20 |
Prompt Visible Energy (MeV)

oO
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20

18], (o
(stereo)

25k 3” PMT © compact fast readout
(huge system—one of the largest)
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20 laboratories (9 countries) so far... O U r (| nte rn a-tl O n a‘> team . e

Armenia
*Yerevan Physics Institute (Yerevan)

Brasil
*FABC (Sao Paulo)

*PUC (Rio de Janeiro) UNO

Belgium
*UBL (Brussels)

Chile
«PUC (Santiago)(project/physics coordination)

China
e|HEP (Beijing)(project/physics coordination)
*SYSU (Guangzhou)

France
c APC/LLAL (PariS/Orsay)(project/physics coordination)
*CENBG (BOI”d eaux) (technical coordination)

*CPPM (Marseille) technical coordination: C.Cerna

*LLR (Paris)

« OMEGA (Paris)

*SUBATECH (Nantes) internal coordination g :
Italy ephysics: F. Perrot (+INFN) Cnrs

*Padova-INFN (Padova) *electronics: A.Cabrera
Russia ]

*Moscow State University (Moscow) project management: A.Cabrera (+2)

*Institute of Nuclear Research & Russian Academy of Science (Moscow)

Taiwan
*National Taiwan University NTU (Taipei)

National Chiao Tung University NCTU (Hsinchu)

*National United University NUU (Miaoli) Anatael Cabrera (CNRSIN2P3 & APC)



SPMT system within JUNO... |5 | crence

SPM

25 000 x 3 PMT

Under Water Box

128 ch. Photomultipliers
High Voltage

Decoupling HV/Signal
Front-End Readout

DAQ




System schematics ©
our construction brick

Low Voltage
Clocks
Data

D — L
High Voltage -

Splitter -

r'I:E-:rll-l\jB(fZ ; .'.' rI:l{_CF
13_}1_;—_bFront-Eﬂ@

BRGCU

,.w‘ /Z

Under Water Box

17/05/18 C.Cerna 23



PILL produchon & testmg (mdustry)status

26,000 3” PMTs productlon & testmg
(@HZC— company personnel @ JUNO superwsmn)

A A A A A A A A A
3 3 2 a6 3 26 5 2 40 - Q00 950 1000 1050 1100 1150 1200 1240 1300
Vender QFE (% @ 420am) 596 a7 SPE rew v son (%% Vender HV (V G Gain 3e6)

\

301 I 30000 I B

6 4 2 0 2 K 6 8§ 10 25 20 15 10 5 O S 10 IS 20 25 . 10 -5 0 b 10
QE diff (% @ 420nm) SPE o &aff (%5) HV daff (%6 @ Gain 3¢6)

-
’ *

?,,_. xS )
. @1k PMT/month—> ~6k PMTs done'
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25

x128

the readout goes (folded) under-water...

Back-EAndACard
1L R
64 kch. in 5
6 e 2 TR Y 5
“ ; . High VoI:agg | L,U
; Nl |[JUNO common
QT (SPMT®LPMT readout)
@ 16ct.1.‘ .
== 128 ch. AB_C_.-__. | pw22 GCU
32 th.in 32 ¢h.in
: 32 ¢h.out 32 dh.out
:
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SPE-WIDTH sipM) =52 ]

— ping
---pong

wiggles effect due to clock couplings

TN | i
I T

50

100 150 2 250 300 350

400
charge [ADC]

450

input signal [p.e. (at G = 10°)]

0 50 100 150 200 250 300 350 400
g _| T 1T I LI I T T 17T I 1T 177 I 1T 177 I LI I LI I LI |
2 14001— channel 0 —e— HG - ping —— LG - ping
: - -8 HG - pong - LG - pong
21200—
g —
© -
21000—
2 N
£ 800 High Gain .=
B e
b s LSB~8fC/ADCu .
[ ] -
C . L
- .- .
400 : " Low Gain
] .-
- &
200__4' ‘.""
P LSB ~ 74 fC/ADCu
iL 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1
0 10 20 30 40 50

60
input signal [pC]

0.15

o
—

0.05

o

-0.05

|
©
—_

residuals ( fine time / linear fit - 1)

-0.15
-0.2

-0.25

NOVEL

SPMT core readout electronics. ..

. ABEVO@IN2P3

TIME RESOLUTION (<9%): <100PS (NO CORRECTION)
TIME RESOLUTION (~1%): ~23PS (CORRECTION)

()

TIME RESOLUTION

----- single run

— average over 100 runs

25
delta time [ns]

SUPERNOVA READOUT— <10M/S?
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shipping to JUNO site 2019-2020... &
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2 = (test before) JINO @ IN2P3 (LAL)...

JINO (prototype) goals...
full system integration

MR EE A A A electronics/DAQ validation

R e A R e - * ABC card performance

| 28 3” PMTS *multi-card synchronisation
*supernova high rate test/optimisation

tivelk *stereo-calorimetry data validation

(reflectors) *pre-installation full system

128 SPMT

+
1 LPMT

e

o

®d=135cm M< | 4tons

Anatael Cabrera (CNRS-IN2P3 & [AL/IAPC — LNCA)
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the JUNO observables...

Baseline 52.5 km x1 04 10° Signal IBD Events - Baseline 52.5 km
2 > 3
Z_c—% - P(E,LO) —— NO § Osé:. Pa.rameters — NO
S i — 10 ?) 25 _Ca,?0221+ 1703.0447 — |10
£ 08 = :
— i = L
g o2
S 0.6
@[ 1.5
>
04— 1
0.2 Osc. Parameters 05— i
- Capozzi+ 1703.04471 —>energy threshold (1.8MeV)
| | | | | | | | III|IIII|IIII|IIII|IIII|IIII|IIII|IIII
01 2 3 4 5 6 7 8 910 0 2 3 4 5 6 7 8 9
Neutrino Energy [MeV] Neutrino Energy [MeV]

neutrino oscillations spectral distorsion
(flux modulation) (a perfect detector)

Spectrum(E\) = P(Ev,Lo) x ®(Ev) x O(Ev)
'trivial energy relation: Ee+ = Ev = cost]
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JUNQO spectrum in more detall...

x 1 03 10° Signal IBD Events - Baseline 52.5 km - 3% Energy Resolution

N
ol

Capozzi+ 1703.04471 /'Q.

— Osc. Parameters i\,’\\ — NO
S — 10

Events / Bin
N

data-like

¢ Asimov Dataset (Stat. Unc.)

Visible Energy [MeV]
rich physics programme
01200m20tAm? & info 0,3
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JUNQO challenge: the background...

geo-V (U)
geo-V (Th)
accidental BG
°Li BG
fast-n BG

——— ——

Event / 225 keV

+

lllllllllllll Tfllllllllfll1|ll1f|ll1f

lllllll

6 7 | 10

Visible energy [MeV]

Selection IBD efficiency Geo-vs | Accidental Fast n
- - : 1.5 ~ 5.7 x 10* " -
Fiducial volume 91.8% ) 1.4 0.1
Energy cut 97.8% 410
Time cut 99.1% . 1.3
Vertex cut 98.7% 1.1
Muon veto 3% ) 1.1 0.9
Combined 73% )
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JUNQO's experiment rationale...

2 oscillations modes simultaneously
(first time)

no oscillations
LPMT
SPMT

e —

sin2(20,2)

/./" A=
no need

¢ b ) o o
near sub-dominant: sin2(20,3)®*Am?2
monitor | | | | N

detector 3 4 5 6 7
Positron Energy [MeV]

sensitivity: 0,290,;00m2etAm?
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y (atmospheric) Mass Hierarchy/Ordering. ..

.ve le .vT
Normal Oce Inverted
V., — Eesees— V,

Arngtm
:2 é ¢ AI.nzol s
1 0

solar data: +Om?2—m ;<m; [matter effects]

atmospheric data: ~vacuum! | Am?]
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Mass ordering NOw.. .

NO favoured to ~30

(SK@N .effects)
vacuum matter
(JUNO) (DUNE & ORCA/PINGU)

unique!



" olobal knowledge prospect. ..

Normal/ Inverted Ordermg NUFIT 3.2 (2018) 013 terms:
15 i LI I T T LI T I 1L I T T |
11 ] *013:

o qb - reactor-0,3=DCe®DYB®RENO
2 [<o° | [< i

s I (j NOZ [ o)_‘ JUNO: a cross-check (like DC now)

0 llllllll lllllllll 1L Illlllll | llllllll i

0.2 0.25 03; 0.35 0.4 6.5 7 , 755 , 8 8.5 UNO (sc!ar) terms:

sin" 0., Am,, [10 " eV']
15 i I L Mr T I L I LI T I L I 1T I I !! I I 1T I 1T I T .eIZ: JUNO [nOW: SOlar]

I I
T T T T

«dm2: JUNO [now: KamLAND]

10 == | *023: beam®atmos

lllllll llllllllllll“lllllllllll

O_Illlllllll

0.3 0.4 0.5 0.6 0.7 28 26 24 22 22 24 26 28
sin® 6, amg, [107eV] amg, *Am?2; |UNO®beam®atmos
15 i T T 1T 1T T T 1T T 1 T 1T T 1 i T T T I T 1T I T T TT I |
: *sign[Am2]: |JUNO®beam®atmos
101~ ~ beam = DUNEoHK
s [ cross~-check/
; 10 atmos — ORCA®PINGU
(JUN eam) |
1 I | I | I 1 1 1 I L1 1 1 I ] i I 111
0015 0.02 0025 003 0 90 180 270 360 CPV term: beam#* (directly)

& PC)

- 2
sin” 6., dcp



JUNO expected numbers...

Neutrino Physics with JUNO

Precision Now

Precision JUNO

3.5% (reactor-63)
4.0% (Solar)
1.5% (several)

2.2% (KamLAND)

15% (cross-check)
~0.7%
~0.5%
~0.5%

>80% Normal
Hierarchy favoured

up to ~4o
(Am?*dependence)

arX1v:1507

arXiv:1507.0561
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" a (tough) BIG question. ..
9|3

UCKM

UPMNi . C)

(zzm) (7

= ~maximal mixing = ~minimal mixing

PMNS meets unitarity?

(beyond standard model—= only 3 families?)
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he physics @ CNRS (so far)...

abh -
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40

main physics channels. ..

central detector (@ SPMT)
*IBD precision calorimetry (LPMT®5PMT)
—mass ordering/hierarchy measurement
-IBD dm2-0,2 measurement
*supernova core-collapse detection

*radiogenic®@cosmogenic(M) backgrounds

veto systems (2 TT)
*high precision p=tracking
*cosmogenic(M) background (synergy with LPMT@®SPMT)
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o JUNQ calorimetry condition...

lot of light is a necessary but not sufficient condition

)+ (6 %ot -smef®) <3% @ IMeV

x107
N -
m 1_ - -
~, - — Resolution Stochastic Term
L2 095F
g, - :
o - 3% Energy Resoldtion
c 09 A4 | &
= =
n - ©
c 0.85— 1% GE.)
O e " o
5 . I 2
S 08 . , Y - h
e : S
T 075F | 2% | | g \
i I @) /
n I O
0.7— : A\ AiNs
- : (previous experiments)
0.65— '
0.6 IMeV
: | 1 1 | | | | | | | | 1 1 | | | | | 1 | l 1 1 1 [ | | | 1
1000 1100 1200 1300 1400 1500 1600

Number of Photolectrons per MeV
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o the JUNO challenge...

Bx DC DYB | KamLAND| JUNO

2212PMTs 390PMTs |90PMTs | 880PMTs |8000PMTs L
~500PE/MeV ~ | 80PE/MeV ~ | 80PE/MeV ~250PE/MeV ~ | 200PE/MeV

=
o

=
|

Y e—— 5

A~
I_
>
am
~
LL]
am
N
Ko,
C
C
qe;
-
O
C
)
Q.
C
O
S
L
-
=
C
qe;
)
-

S if A<0.5= ~photon-counting regime :

LARGEST dynamic range in calorimetry (channel-wise) [= uniformity®linearity®stability]
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» Photon-Counting vs Charge-Integration. ..

Readout Window

>

PE discrimination threshold
(a fraction of a PE)

a\ = . NP
— o- [

* Ihit=IPE—no reconstruction (no gain needed))

Photon-Counting

Zero dynamic range

time-stamp (self-trigger) (nO N= | i neal’i ty — 0)
B (pulse @ threshold— discriminator)
r
5
'S ﬁ’“
/ ¢ A Readout Window
/ *$ ~

Charge Integral

* I hit+ | PE— reconstruction is a must!
time-stamp (global trigger) [calibration/reconstruction]

(readout-window sampled, example @ start) Anatael Cabrera (CNRS-INZP3 & LALIAPC — LNCA)




= energy reconstruction bias (illustration)...

22
o 140
Time (ns)

realistic pulse reco (Ql)

Reconstructed / true charge
o o - — — — —
W O a a4 N W b o,

© O

CD ~
'Hll'
e

20
_______ o W10
> . ILLUSTRATION ONLY

LPMT

80
70

—60

—50

—40

30

0'50'"'11""2""3""4"''5""6"''7""8""9""0 0
True charge [p.e.]
% . Co60 Hits 20" Photomultiplier
=
= - o2 ® True Hits
G') ] [ ]
cal ! bratlon (5 e Reco Hits non-linearity
m|m|Ck| ng 2.6/ (channel-wise)
24— o .
i . ILLUSTRATION ONLY non-qnlformlty
o F (position-wise)
i = [QIl regime variations]
" 8 0o 0-g g ‘ .. .....................................................................................
s ®-e
* ®-e
ﬁ’ 0995_ ................................................................................. .. ............................... .
. worsens resolution
099_ ........................................................................................................................ . ........... 9... (fUH detec-tor)

Radius [m]

CNRS-IN2P3 & LALIAPC — LNCA)



« LPMT@®SPMT complementarity systems...

LPMT: collect light (25x)
(excellent stochastic resolution)

SPMT: less light & linear
(dynamic range—0)

LPMT Response:
Rstability
Runiformity

Riinearity > most delicate
(complex?)

SPMT Response:
Rstability

Runiformity
(much simpler)

Anatael Cabrera (CNRS-IN2P3 & APC)






IBD oscillation with the SPMT ...

SPMT only see | oscillation mode
(fast oscillation Is averaged out)

no oscillations
LPMT
SPMT

IIIII|

>
D,
7p)
2
p -
e
-
LL

monitor ] ] ] ] ] ] ] ] ] ] ] ] I ] ] ] ] l ] ] ] ]

detector 3 4 5 6 I7_
Positron Energy [MeV]

sensitivity: 0,200m?

Anatael Cabrera (CNRS-IN2P3 & APC)
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JUNO internal redundancy on 02-om2...

| I | | | | | | | l
: Input: sin2612 = 0.304 energy resolution @ 1 MeV =3%

2 5 D energy resolution @ 1 MeV = 6%

= /. X
Am 21 150%10 " eV energy resolution @ 1 MeV =9%
sin29 = (. 0218 energy resolution @ 1 MeV = 12%

_ energy resolution @ 1 MeV =15%
Am =25 XIO eV - - energy resolution @ 1 MeV = 18%

PRELIMINARY

2]

>
O
Te
-
—_
X
-
—_
S

ol
tn
)

S yrs, 100 % eff.

5)
Am

~J

AN

o0

Normal Mass Ordering is assumed

- param uncert. + sys erros (with all pull terms)

I 0(sin26 ) =41% o(Am2 )=24% oy =3%

No Geo-v
?) 4. 6% O(Am 31) =1.9%
| | I | | ] | | | | I | ] | l | | | I |
0.298 0.300 0.302 0.304 0.306 0.308 0.310 0.312

. .9
Sin 612

SPMTo®LPMT comparable precision

Anatael Cabrera (CNRS-IN2P3 & APC)
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“ no cross-check to JUNO (except JUNQO)...

| NuFIT 3.2 (2018)
Normal/Inverted Ordering
15 [ T ool T T | AL UL L B R R 1
: 1% (JUN 1 | <1% (JUNO) -
10
2 | 4 L _
<] | 4 L _
51— —
0 i NI NN oo v 1L A A I NN ]
0.2 0.25 0.3 0.35 0.4 6.5 / /.5 8 8.5
. 2 2 -5 2
sin” 8., Am,. [10 " eV']
~rate systematics (common) ~shape systematics (different SPMT LPMT)

SPMT®LPMT internal cross-check

— robust result validation

Anatael Cabrera (CNRS-IN2P3 & APC)






. CCS spectacular physics (astro/particle/nuclear). ..

v, Burst Accretion Cooling
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CCS challenges. ..

CCS particle physics
5, \ (V-V Interaction)

10 20 30 40 500
E (MeV)

Final fluxes in inverted hierarchy (multi-angle)

Scintillator

— De IBD - - VGCC 12C —— | €
— ), CC 12C - NC 12C - - Ue e

multi-interactions
(disentangle information)

Cross-Section 1038%cm?

40 60
Energy (Mev) Anatael Cabrera (CNRS-IN2P3 & APC)




“ ensure we get it (almost) all...
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Mirizzi 2006, <d> = 106 kpc
—— Ahlers 2009, <d> = 109 kpc
— Adams 2013, <d>=9.7 kpc

SN Probability

unbiased measurement
(high rate ® deadtime monitor)
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U-tracking (cosmogenic)...
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U-reconstruction—cosmogenic vetoing. ..
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-tracking rationale. ..

LS sphere
PMT array -~ PMT array
TT projection (~20cm) t .
ol E | : o Exit
" (straight extrapolation)
i L 2
10005— 1000:—
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M-reco accuracy...
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(c) SPMT AD

(d) SPMT «

SPMTeLPMT synergy

(e) LPMT+SPMT AD

(f) LPMT+SPMT «

Muon reconstruction with a geometrical model in JUNO

C. Genster,”! M. Schever,*” L. Ludhova,®” M. Soiron,” A. Stahl” and C. Wiebusch”
A Forschungszentrum Jiilich IKP,
Wilhelm-Johnen-Strasse, D-52428 Jiilich, Germany

b Physikalisches Institut B, RWTH Aachen University,
Aachen, Germany

E-mail: c.genster@fz-juelich.de

more PMT density
sexcellent timing (RMS)

enough light

*better triangulation

further improve with TT input
(~20cm projection: not yet)
Anatael Cabrera (CNRS-IN2P3 & [AL/IAPC — LNCA)
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y CNRS/IN2P3 teams...

CNRS/IN2P3 laboratories 6: main operations/actions
(APC)
CENBG *Radio-Activity
CPPM [CENG+CPPM]
IPHC eStereo-Calorimetry
W\ K [LAL+SUBATECH]
OMEGA *SPMT
SUBATECH [CENG+CPPM+LAL+SUBATECH]
*Top-p-Tracker
32 scientifiques [CENBG+IPHC]

(16 ingenieurs)
o European Computing with CC.IN2P3

JUNO— CNRS “IR" (research infra-structure) [under Ministry]

LAL-JUNO team
(2 physicists + | postdoc + | PhD)
M.Bongrand + A.Cabrera
M.Grassi (PD)
Yang HAN (PhD)
(I engineer electronics)
C.Santos (APC)— LAL takes over...

Anatael Cabrera (CNRS-IN2P3 & APC)



[ MEGA the “"ROC" ASIC family. ..

Microelectronics

CATIROC)
]

W

CITIROC1A




B

62

R —
—

CCINEP

powerful computing...
(expert support)
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(FADC data experience)
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)‘jUNO experiment
*the ultimate reactor-v experiment and beyond...

*world neutrino oscillation physics: support world CP-Violation
experiments (V-beam suffering the “023-octant” issue)

*vast physics program beyond oscillations: geo-V, supernova-V,
proton-decay, solar/atmospheric V's, etc (surprises?) -

*major hardware responsibility SPMT & much physics

*national & international strong collaboration & strategic position
*|lead the IN2P3/CNRS role within JUNO
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-\
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questions. ..!

obrigado...
HIDED...
merci...
danke..
mAL| Ch
Cnacumbo...
oracias. ..
orazie...
. .
hvala. ..
thank you. ..

anatael@in2p3.fr

Anatael Cabrera (CNRS-IN2P3 & APC)
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