General features of the JUNO

experiment
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The Site

Daya Bay Huizhou Lufeng Yangjiang Taishan
Status Operational Planned Planned  Under construction Under construction
Power 17.4 GW 174 GW 17.4GW  17.4 GW 18.4 GW, 9.2 by 2020

Overburen ~ 70 m




The plan: a large LS detector

— LS volume: x 20=» for more mass & statistics

~ light(PE) x 5= for resolution 40 events/day

—— Muon detector

Steel Tank

Water seal

——— 20kt water

6kt MO

~15000 20” PMTs
coverage: ~80%

L1500 20” VETO PMTs



Mass Hierarchy at Reactors
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Optimum baseline

Optimum at the oscillation maximum of 0,

Multiple reactors may cancel the oscillation structure
= Baseline difference cannot be more than 500 m

Significance of hierarchy (o)
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Energy scale can be self-calibrated

If we have a residual non-linearity:
E‘t’l’.“t‘
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Physics Reach

Thanks to a large 0,4

Detector size: 20kt
Energy resolution: 3%/VE

For 6 years, Thermal power: 36 GW
Ideally , The relative
measurement can reach a % :
sensitivity of 4o, while the  Normal true MH :
absolute measurement (with 0
the help of Am?,, ~ 1%) can Néﬁ
reach 5o 5 |
Due to reactor core s
distributions, relative < ||
measurement can reach a | e Loy
sensitivity of 3o, while the o mmm—— NS
234 236 238 240 242 244 246 248 2.50
absollqu;e measurement can AMZqq| (X10° eV?)
reach 4o

Y.F. Lietal., arXiv:1303.6733
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Precision measurement of mixing parameters

Fundamental to the Standard Model and beyond

Probing the unitarity of Upy,\s t0 ~1%0 level !

= Uncertainty from other oscillation parameters and systematic
errors, mainly energy scale, are included

Current Daya Bay I
Am?,, 3% 0.6%
Am?,, 5% 0.6%
sin%0,, 6% 0.7%
SiN%0,, 20% N/A
Sin%0, 14%=>» 4% ~15%

Will be more precise than CKM matrix elements !




Supernova neutrinos

L_ess than 20 events observed so far

Assumptions:
= Distance: 10 kpc (our Galaxy center)
Energy: 3x10% erg
L, the same for all types
Tem. & energy T(v,) = 3.5 MeV, <E(v.)> = 11 MeV

T(v,) =5MeV, <E(v,)>=16 MeV

T(v,) =8 MeV, <E(v,)>=25MeV
Many types of events:
vV, +p = n+e* ~ 3000 correlated events Water Cerenkoy
Vet 1*C > 1°B* +e*, ~10-100 correlated events  jatactors can not see
v, + 12C = 2N* + e-, ~10-100 correlated events  these correlated
v, + 12C v _+ 12C*, ~ 600 correlated events events
v, +p =2 v, +p,single events
v, + € 2> v, + e, single events
v, + e 2>v_+ e, single events

4 4 3

Energy spectra & fluxes of all
types of neutrinos

R L R



Geoneutrinos

¢ Current results:
= KamLAND:

5
400£105+115TNU % ~ DayaBayl
= Borexino: ; 4r o Tl
642542 TNU s  ceom
¢ Desiretoreachanerror £ s —
of 3 TNU: statistically & |

dominant

¢ DayaBay Il: >X10
statistics, but difficult
on systematics

¢ Background to reactor

neutrinos % 2 4 6 8 10
Neutrino energy (MeV)

From Stephen Dye
2014/6/13 11
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Central Detector

Some basic numbers:

= 20 kt liquid scintillator as the target

= Signal event rate: 40/day

= Backgrounds with 700 m overburden:
v Accidentals(~10%0), °Li/®He(<1%b), fast

neutros(<1%o)

A huge detector in a water pool:

= Default option: acrylic tank(D~35m) + SS
structure

= Backup option: SS tank(D~38m) + acrylic
structure + balloon

Issues:

= Engineering: mechanics, safety, lifetime, ...

= Physics: cleanness, light collection, ...

= Assembly & installation

Design & prototyping underway




MC example: Energy Resolution

Based on DYB MC (tuned to data), except
=  JUNO Geometry and 80% photocathode
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=  Attenuation length (1m-tube
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Liquid Scintillator

Requirements:
= Low background: =» No Gd-loading
= Long attenuation length: 15m =» 30m
Improve raw materials
Improve the production process
v Purification
= High light yield: optimize fluor
concentration
Current Choice: LAB+PPO+BisMSB

v
v

Light output, relative units

KamLAND

01 02 03 04 05 06 07
PPO mass fraction, %

Linear Alky
Benzene

RAW

Vacuum
distillation

SiO, coloum

Al,O, coloum

LAB from Nanjing,
Raw

Al,O, coloum,
fourth time

Al,O, coloum,
second time

Al,O, coloum,

8t time

Atte. L(m)
@ 430 Nnm
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High QE PMT

¢ Two types of high QE 20”

PMTs under development:

= Hammamatzu R5912-100
with SBA photocathode

= A new design using MCP: 4nt
collection

¢ MCP-PMT development:
= Technical issues mostly
resolved
= Successful 8” prototypes
= 20 prototypes done

= _ i ol R591 R5912 MCP
st (Gain 3 - 2 100 -PMT
— = ;‘j QE@410nm 25%  35%  25%
5 } A j‘: Rise time 3ns 3.4ns  5ns
" s m SPEAmp.  17mV 18mV  17mV
. . PVOFSPE 525 25 2
R T T (e, VIR R T R T a1

%0 500 2000 chamsi1 £ TTS 55ns 1.5ns 3.5ns

Voltage (V)



Muon VETO detector

i

E—

Top tracker /

Tracker support /

Water system

Tyvek ey
PMT support '

Water pool liner

® & 6 O O o o

Earth magnetic

shielding s

2014/6/13 16



OPERA Target Tracker for the Top Tracker

56 x-y walls (6.7m X 6.7m each)
14 TT stations, 4 walls each.

each station is composed of 2 layersof 2 TT
walls separated by 4 m distance.

Distance of lowest and upper wall: 4 m
Distance of lowest plane from water pool: 1 m.

Different configurations (Middle, Rectangle,
Around)

Covered area is about 630m2.

-4XY Middle (Mid) *4XY Rectangle(Rtg) *4XY Around("O")
*(3 X 4+2 modules) (2 X7 modules) "(2 X 4+2 % 3 modules)




Dismounting schedule

- Dismounting schedule:

mid-2015: first OPERA super module (31 TT
walls, 248 modules)

beginning 2016: second OPERA super module
(31 TT walls, 248 modules)

- storage of all TT modules in Gran Sasso in
containers up to the moment all dismounting
is finished

- send all TT containers (10) to Kaiping ~Spring
2016 if storage buildings already available

* Mounting in JUNO: ~2019




Readout Electronics and Trigger

Charge and timing info. from 1 GHz FADC
Total No. channel 20,000

Event rate ~ 50 KHz

Charge precision 1-100PE: 0.1 -1 PE; 100-4000PE: 1-40PE
Noise 0.1 PE

Timing 0-2us: ~ 100 ps

Main Choice to be made: in water or on surface

Ethernet SCIocK Ethernet

switch Switch \Optical ethernet

Global trigger

Ethernet link

Trigger optical link

Data collection >~:,’ 4 Data collection
& Control @ 4 & Control
& Power ) o & Power

~_Collection & control

Local bypass cable(redundancy)
Digital cable & power cable(80m, redundancy)

An option to have
a box in water:
~100 ch. per box

Changeable in
water

Global trigger on
surface

Under water electronics(32ch or 96ch, redundancy)

19



DAQ and Detector Monitoring

Readout:2GB/s,
Storage:200MB/s
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Civil Construction

A 600m vertical shaft
A 1300m long tunnel(409%b6 slope)
A 50m diameter, 80m high cavern

RIFB (®©=5.5m)
=581m

L=58

BI-FEEB (4. 5mX5. 2m)
L=287m

#
1

FEBE (7. 0mX 5. 6m)
L= I

2Tm

SR KT (48mX 28m)
L=55. 25m

1#)ifi T. 3% (4. 5mX 5. 2m)
L=240m
b’

R T (=42 5m)
H=40m

\J/
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Current Status & Brief Schedule

4

Project approved by CAS for R&D and design
Geological survey completed

=  Granite rock, tem. ~ 31 °C, little water
Engineering design underway, contract signed

Land is acquired, civil construction approval
underway

¢

¢ o

Schedule:
Civil preparation: 2013-2014
Civil construction: 2014-2017
Detector R&D: 2013-2016
Detector component production: 2016-2017
PMT production: 2016-2019
Detector assembly & installation: 2018-2019 :
Filling & data taking: 2020

-------




International collaboration

Status of each country

Italy: committed

— Milan, Frascati, Perugia, Padova... = Liquid Scintillator,
PMT, ...

Germany: almost committed,

— Munich, Aachen, Tubingen, ... =» Electronics, ...
France: almost committed

— Paris, Strasburg,... =2 VETO, electronics
Russia: almost committed,

— Dubna = PMT HV

US: waiting for P5

-~ DYB + Hawaii, Washington, Maryland, ... =» calibration...
Proto-collaboration since 2013, meeting every 6 months
Formal collaboration this summer

24



Collaboration organization: to be approved

Institutional Board collaboration

Spokesperson/Executive board

Membership committee

funding committee

This summer
*Bylaws

9911TWWOD SIoeadg

9911 TUWOD TeuoIlexad(
9017 TWWOD UOI}IBITITqnd

*Management personnel

°logo of the experiment

pIe0q TBOTUYOe?l/I88eURH 108[01]
99173 TUWOO UOT}BUIPIO0D SOTSAYJ




Next plan

By end of this year before the civil construction, we
will have a major review in China to answer the
guestion: “Can we start ?”

— A yellow book of JUNO physics
— A CDR of JUNO detector
 They are useful for everyone to get funding

e Task sharing by end of this year:
— For funding estimate
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JUNO : INFN perspectives

Roma, May 16, 2014 Gioacchino Ranucci - INFN Sez. di Milano



Framework of INFN involvement in JUNO

Scientific continuity — Neutrino oscillation study and astroparticle program in
JUNO natural evolution of the INFN activities in both fields and may represent
one of the pillars of the INFN participation to the next round of “gigantic”
neutrino oscillation experiments worldwide

Technological continuity — broad expertise acquired throughout the Borexino
program in PMT’s, scintillator, purification and low background techniques can
be profitably reused within the JUNO project

Added later in the course of the on-going discussions — option to reuse the
OPERA plastic scintillator tracker (40% INFN funded for PMTs) for the JUNO top
muon tracker

Roma, May 16, 2014 Gioacchino Ranucci - INFN Sez. di Milano



Framework of INFN involvement in JUNO

First contact triggered by the President in occasion of the 2012 INFN-IHEP Bilateral
Meeting held in Rome at the INFN headquarters on May 19th, 2012

The general features of our possible involvement were discussed during the NPB 2012
workshop at Shenzhen on September 2012 — Antonio, Roberto and Rinaldo were part of
the discussion

After that, in a series of participation to general (Beijing January 2013, Beijing July 2013,
Kaiping January 2014) and restricted (LNGS September 2013) meetings, we have initially
shaped the guidelines of our participation by identifying two major items of interest:

v’ Scintillator
v  PMT’s

Now the Opera tracker issue has emerged as the third main element of this cooperative
effort

Roma, May 16, 2014 Gioacchino Ranucci - INFN Sez. di Milano



Scintillator

» Scintillator optical measurements (very wide and deep experience
gained within the Borexino R&D)

» Procurement of LAB from European suppliers and check of the
properties to compare with the LAB from China. A LAB supplier has been
found in Italy, at Augusta — breakthrough also for the possible future of
initiatives at Gran Sasso. Other two suppliers in Germany and Spain.
Exchange of samples (solvents and scintillator cocktails)

» Conceptual definition, design and construction of the distillation column
and of the associate N, stripping column for scintillator purification.
Possibility to do the pre- assembly here in Italy and send the pre-
assembled skid to China. Potential industrial partner, located close to
Milano, already identified



The Perugia and
Milano Borexino
groups are those
involved in the
scintillator activity

Note: studies for
alternative novel LS
solvents initiated
before the JUNO
effort

Roma, May 16, 2014
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1. Introdudion
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method wed 1o tealize 3 great variety of devicss fr partide
deection. with size manging from small tabletop set-um
intended for boratory measurements. to massive detectars
focsed an the search af very rare svents. The latter appliction
implies very aften the deplayment in underground caves of large
experiments. emplaying himdreds or even thousands tons of
Hiquid scintillator. Bxamples of experiments of this kind, running
since several years_ are the Borexing [2] salar newtring experi
ment locaied at the Gran Swmso Laboratary, he supemnava
ghzervatory LVD [3] agsin at Gran Samo, and the KamlAND [4]
detesctar in the Kamioka mine. The more recent Double Choaz [5]
and Rena [6] near and far detedars, a5 well as the Day Ry [7]
multiple detedars complex, are specific implementations af the
ligquid scintillation methad for the deesction of anti-neutrinos

* Cormpondiog auoy Tel: 4+ 3002 SE 17D Gor: 4390 03 %17
Emai adden goarchisns g i sk it (. Rasaed].

OIS - e Eront s € EL2 Ede i BV, AN g bea s ved.
Besclide da o110 WS asmad (n 2 1GGET

from reactar (fhe main, but not unique goal of Kam1AND, ma).
while the imminent startup of the SNO . [8] sxperiment, the
succesor of SNO -+ that will replace the heavy waier with liquid
scimtillatar, is expected within 2011 The Lirgest liquid scinéillator
detectar currently under comstruction is NivA ] which weil
emplay 13 kt of hguid argamic scmtilltor to catch newtrings in an
accelerator heam from Fermilah. Loaking far in the future, the
pamibility of the gigantic deector LENA [10], based on 50-100 kt
af liquid santillator s adively pursued with the perspective to be
installed in the Pyh3=almi mine in Finlmd

Therefare this mature technique, barm in the 19505, s 561 an
imipartant tocl in the par ice physics arena, ax witnew =d nat anky
by the nu under a7 7 installation, ut
akso by its aucial mle im the recent assecsment of the newtring
scillaion pheromenon [11.4] twough the mesmrements,
amang athers. of Borexing and KamlAND.

Mast af the tachnical found ations in this fisld were sstablishad
in the 1550s and 1960= when the arganic. aromatic compounds
Xylene, Talusne and Ps=udocumens were identifisd 2= the best
sulied chaices for the solvent, ie. the hasis for any scntillator
Tormulation.

Gioacchino Ranucci - INFN Sez. di Milano




Samples from a
European
company to IHEP

UV-Vis spectra measured at IHEP

oo [ — Ity LAB: ISORCEEM 113
t — Tuly LAB. HYBLENE 113
01450
|| Special LAB fom Nanjisg. China
g — LAB fious Nasgng. Clusa, commescaally available
£ omn
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00050 e S
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Absorbance and attenuation length
measures at IHEP of our European
samples

Roma, May 16, 2014 Gioacchino Ranucci - INFN Sez. di Milano

Our own
measurements
on a scintillator
sample from
IHEP

LAB-JUNO alpha - beta 3 g/I
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Introduction

In Milano we have started a research activity for a possible LAB scintillator purification
plant starting from our past long term experience in this field.

The conceptual idea is to adopt, with a proper scaling, the successful purification
technigue, sequence and construction specifications developed for Borexino
experiment @ Gran Sasso .

Borexino plant was designed and by a NJ company (Koch Modular Process System).
We have searched for a reliable European company and we found one in Milano

Polaris engineering http://www.polarisengineering.com

The company already worked with us for a design upgrade of the cryogenic distillation
column at Fermilab for the underground Ar gas purification of DarkSide experiment

Design and supply of separation systems and production
units for process industry.

Roma, May 16, 2014

Gioacchino Ranucci - INFN Sez. di Milano



http://www.polarisengineering.com/

Preliminary mass and enerqgy flow chart

Reboiler Heat power: 680 KW
Condensers Cooling power: 673 KW

Inlet-Outlet Energy recovery: 400 KW

vent3
vent Temperature 50.00 G
Cooling 510 KW Temperature 1959 | C Vet comce vemia | Pressure 0.3000 bar
Condsnser Pressura | 0.3000 | bar o Cannsar Molar Flow 5198 Nmah*
Heal Flow  4.3748+005 | kcalh distt Molar Flow | 57.41 | Nmah Actual Volume Flow | 207.6 mah
Temperature 1974 C \-100
Condansar Pressure 3.0008-002  bar vent
Liquid Volume Flow 6.000 mah E-101
LAB2 . Cooling 13 KW
Temperature = 1500 C distd P-16ist2 |:».
POWER vent ’ vent aftercooler
condensate  RCY.q condansale
1 Reboiler 2 Heat Flow = 1.280e+005  kcalh
Recovery 400 K Reboiler | Heat Flow | 5.85004005 | kealh _]
ftercooler .
LAB l
FEED o1 Heat 680 KW  —=— 1100 a_# Cooling 150
—_ 2 LAB_product LAB-prodz LAB-productge\\/
N2 E-102 E-103
E-100
LAB FEED Temperature  20.00 C LAB-productd
Temperature 2000 G Prassura 2.000  bar Temperature 000 C
Mass Flow 5231 kgh Molar Flow  52.01 | Nm3/h” Liquid Volume Flow = 8000 m3/h
Liquid Volume Flow = 6100 ma/h Mazs Flow | 65.00 | ky/h
——
Botiom Bottom
Temperature 1975 C
Pressure 3.000e-002 | bar heat racovary
P heat
Liquid Volume Flow 01000 | 3 || poat Flow  3.470e+005 kealh | | recovery

Roma, May 16, 2014

Gioacchino Ranucci - INFN Sez. di Milano



Space requirements

Concept:
We have considered to divide the LAB purification plant in 3 separate skids to be
prepared in Italy and shipped and installed at JUNO site

Item Footprint Height Weight
Distillation skid 3,0mx4,0m 12,0 m 15 tons
Stripping skid 3,0mx4,0m 12,0 m 11 tons

Accessories skid (vacuum

3,0mx4,0m 6,0m 7 tons
pumps, heat recovery, etc.)

To be further discussed

Roma, May 16, 2014

Gioacchino Ranucci - INFN Sez. di Milano




PMT’s
Our broad experience with phototubes makes it natural for us
to be involved somehow also in this area.

MCP-PMTs prototype

Test of prototypes

* The Chinese group has started since several time an effort
leaded by Yifang for the development of innovative MCP-
PMTs with North Night Vision Technology : we recently
received two 8” spherical prototypes— testing already
started - stemmed useful suggestions for the divider to
improve the shape of the signal

e Move of the Philips Photonix to China completed — HZC Photonics. Contacts established with the
CEO Dr. Maggie Wang. Also received two 8” spherical devices XP1805, testing commenced

e Hamamatsu “path” : new 20” device based on the 3600 Super-Kamiokande type — High SBA QE .
Next meeting with the Company middle of July . We will receive further improved prototypes as
far as they will be available

* The amount of possible further works and commitments will depend on the final composition and
strength of the group (realization of divider and ancillary parts, participation to installation)
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Other possible areas of contribution

Linked to the joining of other groups
Very concrete plans of participation : Padova, Frascati, Ferrara ........

v’ Top Tracker

— see the previous exhaustive description of Yifang concerning the solid option to re-use of the Opera
tracker based on plastic scintillators Yesterday meeting in Frascati between IHEP and Opera groups
(Frascati, Padova, Strasbourg, Dubna)

v Electronics & DAQ

—> contacts being taken with the Chinese colleagues and in coordination with the other European
groups

v' General simulation of the detector

— Other potential groups could join in this Marco Grassi from Roma-La Sapienza, co-funded by INFN
and IHEP post-doc

v Development of analysis tools
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Scenario for a broad European participation

Stemming from previous joint efforts

» Strasbourg, Dubna, Hamburg : Opera

» Paris APC, Munich, Tubingen&Mainz, Dubna, Hamburg : Borexino (Paris and Munich
cooperating in Double Chooz)

But not only
» Aachen

» Prague (already in Daya Bay)

Perspectives for a strong European Collaboration, in sizable fraction coming from Borexino and
Opera, suitable to put in a broader context our role in the experiment

Meetings in Milano before the next Collaboration meeting:

Italian component — May 22
European meeting — JUNE/JULY to be finalized
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Conclusion

The vast potential physics reach of JUNO - MH
determination and beyond - makes the
experiment very attractive for Italian as well
as European groups

The perspectives for an INFN participation of
significant impact are very promising, solidly
grounded on previous expertise and well
positioned in a larger European framework
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