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1. JUNO Introduction

Page 3/41
The Jiangmen Underground Neutrino -
Observatory (JUNO) is designed to Normal ™= ve|  Inverted
primarily determine the neutrino e |
Mass Hierarchy by detecting reactor a0 ot |
anti-neutrinos via inversed beta decay. t — |
1.15 O 35;_ m“ — | — | m,>
L1 Ny g;j | 0 I 0
F » Non-zero and large 6,
B e discovery opens a door to
fasf MR Jﬁ neutrino Mass Hierarchy.
oo b Sl » JUNO was proposed in 2008,

0' ' '0.2' ' '0.4' ' IO.6I ' IO.SI ' 1 '1.2' '1.4' Il.t'-l '1.3' 2 approved in 2013

Weighted Baseline [km]
sin 2265 = 0.092 = 0.016(stat.) = 0.005(syst.)
PRL 108, 171803 (2012)
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Location of JUNO

Page 4/41

Status  Operational  Planned  Planned Under construction Under construction

Power 17.4GW  17.4GW 17.4GW 17.4GW

i by 2020: 26.6 GW

F -~ " .. Previous site candidate
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JUNO Event Rates ( after selection) 1 pige 574z

Supernova v .5 o F I\
5-7k in 10s for 10kpc |

Atmospheric v*/
several/day

At

Solar v
(10s-1000s)/day

Cosmic muons
~ 250k/day

0.003 Hz/m?2
215 GeV
10% multiple-muon

® 36 GW,53km v

reactor v, 60/day ton ™ Geo-neutrinos
Bkg: 3.8/day ‘ 1.1/day

)
* (ﬁﬁ'&f\@)ﬁ School of Nuclear Science and Technology
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2. JUNO Physics Goals and Potentials

Page 8/41

o 27-36 GW reactor power, 20 kton LS detector
« 3%/E energy resolution, <1% energy non-linearity

1.4+

12

DayaBay — jJuUNO

Near Site

l

53 km

Far Site

WU

O Rich physics possibilities
[_INeutrino MH using reactor neutrinos

KamLAND Mprecision measurement of oscillation

o
e
(53
Z A ILL
RS ¥ Savannah River
ZO 0.6 O Bugey
X  Rovno
0.4 ¢ Goesgen
A  Krasnoyark
0.2F O Palo Verde
B Chooz ® KamLAND
001 | I | |
10' 107 10 10" 10
Distance to Reactor (m)
‘ > A
ez

XI’AN JIAOTONG UNIVERSITY

parameters

[ 1Supernova and Diffuse supernova
neutrinos

[ ]Solar neutrinos, Geo-neutrinos,
Sterile neutrinos

[_]Atmospheric neutrinos and Dark
matter searches

[_INucleon decay and other exotic
searches

Neutrino Physics with JUNQO, J. Phys.
G 43, 030401 (2016)

School of Nuclear Science and Technology



2.1 Mass Hierarchy page 9/41

B Helps to define the goal of neutrino-less double beta decay (Ovpp) search
experiments, which aim to tell if neutrinos are Dirac or Majorana.

B A crucial factor for measuring lepton CP-violating phase, like HyperK.

B A key parameter of the neutrino astronomy and neutrino cosmology

B A critical parameter to understand the origin of neutrino masses and mixing.

O Oscillation probability independent of CP phase and 0,,

(Reactor neutrinos) 2 ok i
P.o(L/E) = 1— Py — Py — Py, 3 ol ety
Py = cos? (913)51112 (2912)51112 (Asq) 04
Ps; = cos?(612)sin?(260;3) sin®(Agy) 03f ;
Py = sin2(912) si112(2913) sinj(&gg) o.zf— ::":
P.. = 1 — cos® 013 sin? 2615 sin” (Aaq) 0.1 ‘
— sin” 263 sin” (|As1]) R S T I R TR
— sin? 015 sin® 20,5 sin? (Agy) cos (2| Asy]) : . “”E(mffw
+NH B The big suppression is the “solar
- IH -+ sint” 912 sin? 2013 sin (2A91 ) sin (2| Agy|) oscillation (A m212, Sin26?12)

mp B “Large” value of @5 is crucial
‘ﬁ&xl@)ﬁé‘f School of Nuclear Science and Technology
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Fourier transform Page 10/41

FCT spectrum 7, ~NH o Key requirements on detector

2 N — PMT coverage: 75%
— High Light yield: >=1200 p.e./MeV
— LS attenuation length: >20 m

0.004

0.002

0

-0.002 VS :
0008 . . .
0.002 0.0022  0.0024  0.0026  0.0028 0 A /
sm?lev? 3 /0 / E
30 : : : : :
UIGM;— FST spectrum ‘ 25 :Z::l?;sistribution ]
0.002F L =52 km
- 20
of T
C =
-0.002— — 15
B .- =
-0.004— | . | < o
0.002  0.0022  0.0024 00026  0.0028 i
smilev? 5
B No pre-condition of Am?,, _ _
B Only depends on shape but not o T s 30 a5 a0
absolute peak position E_res (%)

] :
* ﬁ“" School of Nuclear Science and Technology

XI’AN JIAOTONG UNWLRSE[Y



2.2 Measurement of Oscillation Parameters ,, . .,

Due to good energy resolution and
proper baseline, JUNO can help to:

» Improve precisions of three parameters
(Am?,;, Am?_ and sin0,,) to sub-
percent level, several times improvement
compared with current precision.

» Probe the unitarity of Upys 10 ~1%

=
QD
X
o
-
@
a
O
m
S
+H

0

JUNO 100k IBD Events

250F
200
150
1001

501

Ievel Eprﬂmpl (MEV}
Nominal +B2B (1%) +BG +EL (19%) +NL (1%)
sin® &, (.54% 0.60% 0.62% 0.64% 0.67%
ﬂmf_?] (.24% 0.27% ().29% 0.44% (0.59%
|Am’ 0.27% 0.31% 0.31% 0.35% 0.44%

£

Iffj‘ X84 %

XI’AN JIAOTONG UNIVERSITY
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2.3 Supernova Neutrinos

Page 12/41

» SN detection is an ideal probe for astrophysics and particle physics.
> Largest LS detector of new generation = high statistics, good energy
resolution and flavor information.

 Three Phases of Neutrino Emission
1. Infall (Bounce and Shock Propagation, few tens of ms after bounce)
2. Accretion (Shock Stagnation, few tens to few hundreds of ms)

3. Neutron-star cooling (lasts until 10-20 s)

Events for different (E,) values

Shock oscillations

Channel Type

12 MeV 14 MeV 16 MeV
Vet+p—et+n CC 4.3 x 10° 5.0 x 103 5.7 x 10°
v+p—uv4p NC 6.0 x 10? 1.2 x 103 2.0 x 10°
Ve —vte NC 3.6 x 102 3.6 x 102 3.6 x 102
v+ 2C s p4+ 20 NC 1.7 x 10? 3.2 x 102 5.2 x 102
)
)

v, + 2C - e+ N cC 4.7 x 10! 9.4 x 10! 1.6 x 102
v.+ P2C et + 1°B cC 6.0 x 10! 1.1 x 102 1.6 x 102

® Real-time meas. of three-phase v signals
Advantage: Global @ pjstinguish between different v flavors
analysis of all channels o Reconstruct v energies and luminosities
. ® Almost background free due to time info

TS
'ﬁj&x‘@'){é‘f School of Nuclear Science and Technology

XI’AN JIAOTONG UNIVERSITY



2.4 Diffused SN Background

Page 13/41

O About 10 core collapses/sec in the visible universe

Emitted v energy density is ~extra galactic background light and ~10% of
CMB density

O Confirm star-formation rate
O Pushing frontiers of neutrino astronomy to cosmic dgstances

JUNO Advantages:

» Excellent intrinsic capabilities of LS detectors
for antineutrino tagging
» Excellent Background Rejection

—— Super-Kamiokande
— JUNO

90% CL exclusion curyes
(the upper-right regions)
If no detection for 10 yrs

flux normalization [®,]

Observation window: 11 MeV < Ev< 30 MeV

PSD techniques for NC atmospheric v (critical) s
= T _\
Fast neutrons: r < 16.8 m (equiv. 17 kt mass) oLl

0 1 1 1 1 1 1 1 L1 ‘ L1l ‘ L1Ll | L1l ‘ L1Ll | L1l |
12 13 14 15 16 17 18 19 20 21
mean spectral energy <E(v,)> [MeV]

O A positive signal @ 3o level is conceivable for a 10-year measurement
O A non-detection would strongly improve current limits and exclude a
significant range of DSNB parameter space.

EyTFRALE

.. o s il 8 School of Nuclear Science and Technology




2.5 Solar neutrinos

JUNO advantages for solar v

Page 14/41

detection Veurt+te€ — Veurt+e .

v" large mass and lower E threshold - 7Be and low tail of 8B
v’ Expected o(E) ~ 3%/VE >can discriminate p-p from 14C

. Internal radiopurity requirements
Main challenges baseline e
] i -~ . *1ph 5 x 107> [g/g] 1x107** [g/g]
B Radio-purity similar to previous LS “Kr | 500 [counts/day/kton] | 100 [counts/day/kton]
. 2BU 1 x 1071° [g/g] 1x 1071 [g/g]
experiments 22T | 1% 10716 [g/g] 1 x 10717 [g/g]
i YK 1x 1071 [g/g] 1 x 107'% [g/g]
B Cosmogenic background, e.g. long G | 110717 o] 1 x 10715 [g/g]
||Ved 11C under SB Cosmogenic background rates [counts/day/kton]
1nc 1860
2 - Total ! “y me 35
§ 10 Be v By, 220, Solar neutrino signal rates [counts/day/kton]
E 10° pep v ‘::K 1';0 _pp v 1378
< PP Vv c ¢ "‘Be v 517
s pep v 28
:_2 10 *Br 4.5
3 BN/PO/VF v 7.5/5.4/0.1

10

I

/

| L 0 | | I Lol Lol | - LI R B | | I
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Energy (MeV)

-
<
o

W L ST
XI'AN JIAOTONG UNIVERSITY

The expected singles spectra at JUNO with
the “baseline” radiopurity requirements
(Assumed radio purity gives S:B=1:3)

School of Nuclear Science and Technology



2.6 Geo-neutrinos

Page 15/41

e Anti-neutrinos from the Earth escape freely from the earth interior
and bring the information about the U, Th and K abundances and
their distributions inside the planet to earth surface

*Because of largest size of its LS detector, within the first year of
running JUNO will record more geo-neutrino events than all other
detectors will have accumulated until then.

-~
o

E 60 'Slow
O ~1.1/day @JUNO after IBD = S, l
) + high
Selection = 30
O The expected geo-neutrino 40

signhal at JUNO as a function of
radiogenic heat due to U and
Th in the Earth, H(U+Th).

a*llH\HHH\HHm.

II|IIII|III|IIII|IIII|IIII|IIII|IIII|IIII
25 30 35 40 45

H(U+Th)[TW]
* ‘gﬂ%f\ ﬁ )t School of Nuclear Science and Technology
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2.7 light sterile neutrino searches

Radioactive Source Selection Requirement st | f’—
v' A pair parent and daughter nucleus: 107 i
e Parent nucleus:Low-Q, Long life: Easy to transport and -

storage i ,/

v" Spent fuel of reactors is preferred because it’s

144

L —
&

Page 16/41

Sterile neutrinos at the eV or sub-eV scale are well motivated by the short-
baseline neutrino oscillation anomalies.

Without an additional near detector, reactor antineutrino oscillations cannot
search for eV-scale sterile neutrinos. However, the diameter of the JUNO
central detector (~35 m) enables source-based method because of both purity
of their source and the possibility to probe the baseline dependence

Daughter nucleus:High Q, Short life:produce antineutrinos ¢
with energy above 1.8MeV (IBD threshold) i

easy to and cheap to obtain. Simple Spentfuel Model

¢ _ & Shape-only Analysis

144Ce-144Pr js favorable 10k
e-14Pr, with Qg(Pr)=2.996 MeV and 7 /5(Ce)=285 d. : e _
) X/ 102 L I T T B ! x
10 sinf2e,, sensitivity
FLEAAY

. 2 il sushial. 3 School of Nuclear Science and Technology



2.8 Atmospheric neutrinos

Page 17/41
B Our focus on JUNO atmospheric neutrinos is to make a

complementary mass hierarchy measurement.

For the upward atmospheric neutrinos, the oscillation probabilities

P(v, —v,) and P(v, — v ) in the NH and IH cases have obvious
differences due to the MSW resonance effect.

3-{}_ T T T T T©t T ' T " T T

Here we only consider v, and

25 rorme) Herareny { v, charged current (CC) events.
20} sino, = 0.5 1 u* tracks are required to have
I sin’ 0,,= 06 ]

a lengthL, >5m

O JUNQO’s MH sensitivity can
reach 0.9 ¢ for a 200 kton-years
exposure and sin?0,, = 0.5, which is

: 1 complementary to the JUNO
00— — e e ——  reactor neutrino results.

Livetime (year)
By 7 FXALE
" XI’AN JIAOTONG UNWLRSE[Y

Sensitivity (o)

School of Nuclear Science and Technology



2.9 Indirect Detection of Dark Matter

Page 18/41

C1Dark matter (DM) can be trapped in the Galactic halo, the Sun or the Earth
[ Annihilation or decays of trapped DM particles y can be detected indirectly by
looking for their neutrino signature = direction information needed (muon neutrino

events preferred)

LI Expected neutrino fluxes resulting from DM annihilation or decays can be
established based on different models

To estimate JUNO sensitivity,

we focus on

v’ muon type events above 1
GeV coming from a 30-
degree solid angle range
surrounding the direction
of the Sun,
YA— THT and Y — vv
are considered as a bench
mark;

v’ Assuming B;™= 1

EyFEXAAY

XI’AN JIAOTONG UNIVERSITY

; _\\ SupetK bb (2015)
109} L e

—T—
— JUNOwv

— JUNOT'r 3
™,
N L.
Y - 1 3,
10} \ %

JUNO projected (spin—dependenr)_ o
- SuperK 747 (2015 ]
1079 N
0 5
my |GeV|

The JUNO 20 sensitivity in 5 years to
the spin-dependent cross section
Jf{? in 5 years. The constraints from the

direct detection experiments are also
shown for comparison.

10k

|
"'§ 1074 _|I
109 |

0L

7
my |GeV|

The JUNO 20 sensitivity in 5 years to
the spin-independent cross

section Jﬂ: . The recent constraints
from the direct detection experiments
are also shown for comparison.

School of Nuclear Science and Technology




2.10 Opportunity in Proton Decay

Page 19/41

® The prompt signal K* overlaps with its decay-to- p — K™+ 7
muon signal — one prompt signal — two-pulse

o« K+ T
events K™ — 'y, (63.43%),

. i o KT — 770 (21.13%),
Main back_ground comes from-one—pulse « K+ — e (5.58%).
atmospheric neutrino interactions « K+ — 7%, (4.87%).

C " e Kt — 7% (1.73%).

;{j:p-—bK++V Lil + Vyu }e++:’u+\"e :_:1035

E :_ 12 ns 2.2 ps ;’. —

@ 8

2t

-1 K+ b 5 2 0

C ®
10 102 103 10* £
Hit Time [ns] 3 )
* Pulse shape discrimination of the combined prompt ~ " £
signal is the key to distinguish the signal from -
atmospheric neutrino background —T
* Time span between 15% and 85% of the 1995 3000 2005 2010 2015 2020 3025 2030 035 2040
maximum pulse height greater than 7 ns can retain Year
65%o signal while rejecting almost all muon Note: In comparison, Super-K’s sensitivity is projected
neutrino backgrounds ATisq_ssq > 7 ns  totheyearof 2028.

- z . ¥
‘g%x*@)ﬁé‘f School of Nuclear Science and Technology
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3. JUNO detector

Overburden of~700 m rock for cosmic-ray shielding

O \eto Detector

Water Cherenkov detector: tracks muons and shields
ambient radioactivity

Top Trackers: independent muon tracking

O Central Detector
o ~20kt @ @35.4m (Largest LS detector)
e Filled with LS of high light

Calibration

yield(>=1200p.e./MeV) and transparency%?;m detctor - '«:"--_‘i‘-.-.:'.-
atticed shell =—— 7

Acrylic sphere = T 7=
20Kt Liquid Scmh]latm—. —

> 20m@430nm
* Equipped with ~17k high QE 20” PMTs
o Dual calorimetry using ~34 k 3” PMTs
for better timing and higher saturation
energy

~17000 207

Qty: ~600

Page 20/41

A multi-purpose

neutrino observatory

Energy resolution:
<3%@1MeV
Energy linearity: <1%

Top Tracker ——

PMT
+~34000 3~ PMT

~2000 20" VETO PMT__' o

Connecting bmsT___

Calibration system
» Multiple sources: e+, y, n

* Full volume + positioning:
1D: ACU
_____2D:CLS+GTCS

*ff%xﬁ

XI’AN JIAOTONG UNIVERSITY

Qty: ~100

CD Support legs "_' =

e T - * B
ot
PRI LA I I T O I L D
o A T * ’ - aly Lot e L : -4 N L P Ay
¢ - End i L R ey Ta s L T - = a 2 B
p z : y PP R
g S5 P N Lal

Pool Inner Diameter: 43.5m

AS: Acrylic Sphere; SSLS: Stainless Steel Latticed Shell

» 1GHz sampling waveform readout electronics for
better energy understanding and more possibilities

Pool Depth: 44m

Electronics
Filling +

Overflow

School of Nuclear Science and Technology



3.1 Liquid Scintillator page 21/41

Requirements for LS:
v Long Attenuation Length: >20m@430nm
v Low background: 238U <10-1°g/g

232 Th<10*>g/g

90K <10-17g/g

LS Recipe (based on Daya bay)
v Solvent: Linear Alkyl Benzene

v 3g/L PPO (purity>=99.5%)

v' 15mg/L bis-MSB

PETRESA CANRDAR

Linear Alkylbenzene
Q@ Qe

| ” b .’ -y .‘r J .’ - .' J ‘ o
@rﬁj&i:‘iﬁ ;2% hool of I [ d hnol
BRSOt School of Nuclear Science and Technology



Page 22/41

Purification for 20 kton LS

v' LS A.L.isincreased by Al,O, column
v' Distillation, water extraction and steam stripping

Underground/online

will be used to reduce the radiation background. |  pyrisication

9

PPO

shipping Yes

bis-MSB

|
]
|
]
|
]
|
|
|
]
|
o ]
shipping |
]
|

mass |
production |
flow chart

(Preliminary)

Jomo], IST( =¥
S1BT 145

LAB shipping

™ ‘;E’r Yes

wmio) goZIvV l
. N O—
H
(]
—
]
[+
=

*r‘égi“‘xﬁ)t’?

XI’AN JIAOTONG UNIVERSITY



Page 23/41

LS group photo @DYB'LS Hall

o Purify 20 ton LAB(one AD in Hall #1) to test the overall
design of purification system at Daya Bay.

4 main LS pilot plants have been installed in DYB LS Hall
and Joint commissioning will take place this Oct.

School of Nuclear Science and Technology

* M"x@’,}t ;4
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Page 24/41

o A set of Attenuation
length measurement
system is ready at DYB

o The sample of distillation | Fessme

W e

o ;
o%ﬁ?ﬁi‘ég
e

B
£
B
L 3 BF 309
|3 3§ P
W [
= e
£ E
=3 [ b
=
g

QDR AL St TIS0TE - LA A

pilot plant and steam e

stripping pilot plant have
been measured.

znm | ey

Ar ity 5‘
SLEITRELY
S,
¥ououo
REEE.

¥

Sample Attenuation length (m)
Standard sample 16.08
LAB in 4# tank of daya bay 23.2 (Average)
LAB in 4# of daya bay-distillation & filtered 28.62 (Average, better)
LAB in 5# tank of dayabay 25.5(Average)

LAB in 5# of daya bay striped & filtered 23.83 (similar with the raw LAB)
@ 7SALY

School of Nuclear Science and Technology



3.2PMTs

020" PMTs with High QE
v' 15k NNVT MCP-PMT: newly developed by North Night Vision

Technology (NNVT), used for central detector and veto detector.
v 5k Hamamatsu R12860: used for central detector :

MCP-PMT  R12860

(NNVT) (Hamamatsu)
Detection Eff. (QEX CE*area) (%) 27%, >24% 27%, >24%

Page 25/41

Characteristics

P/V of SPE 3.5,>2.8 3,>2.5
TTS on the top point (ns) ~12,<15 2.7,<3.5
Rise time/Fall time(ns) R~5: F~12 R~5<7:F~9,<12
Anode Dark count(Hz) 20k,<30k 10k,<50k
After Pulse Percentage(%o) 1,<2 10,<15
2381:50 2381:400
Glass Radioactivity(ppb) 232Th:50 232Th:400
40K:20 40K:40 Hamamatsu
- R12860
ﬁﬁéﬁﬁz‘% School of Nuclear Science and Technology



Page 26/41

0 34,000 3” PMTs: an vital “aider”

to 20” PMTs
Small size = no saturation and better
linearity in JUNO situation
—>Can serve as a standalone calorimeter

Mixture of 20" and 3™

0 PMT Readout PMIS

Front part under-water Out of water

out-of-water

GCU

Global Control
Unit

ADU

Analog to
Digital Unit

100m cable

LCU

Link Cantral
Linit

32 channels

Flash ADC of 1GHz

) LI :
w rﬂfﬂ‘*’ﬁﬂ'f School of Nuclear Science and Technology
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PMT protection Page 27/41

« PMT protection is designed to prevent chain reaction due to
shockwave from PMT implosion

transparent

Acrylic cover

SS cover

Openings -~

O Two implosion tests shows
All four 12mm acrylic
cover survived and IS
reliable to be our baseline.

12mm acrylic,
fell to the floor,
still completed

*rﬁj&f\@,}tﬁ | S S— : 2 broke into pieces gy

XUAN JIAOTONG UNIVERSITY T e S S s s e s st




EMF shielding page 28/41

Compensation coils system is chosen for earth magnetic field
shielding in JUNO : :
R Prototype of compensation coils
e ®1.25m with accuracy~5mm;
e residual intensity(®0.8m
diameter)<0.05Gs
e Good validation about the

compensation coils design

—

| - 0469Gs 7 =
» No obvious efficiency lose when e LN

Magnetic field <0.15Gs. - SR

- 4. 6200008008

» The residual intensity<0.05Gs in R SNuiunEssu
central detector PMT region R e
after shielding — ST L

0.452Gs L=

ﬁ — —
* rﬁ%f\@i School of Nuclear Science and Technology

XI’AN JIAOTONG UNthRSlTY



3. 3 CD structure

Page 29/41

Acrylic sphere + SS truss 0O Key features

v Thickness of Acrylic: 120mm

v Acrylic panels( 21/23 layers + top
chimney+ bottom flange): ~260 piec

v Connecting nodes: ~590

v Total Weight: 600 tons of acrylic and
600 tons of steel

: FEA shows maximum stress of
acrylic < 3.5Mpa (as required)
when tensile load < 8.2 ton.

[ .f i f T dl i J B Temperature control: 1°C = 20m3
' I han
AS @35 A LS volume change

—  oops: @401 B Seismic load: still need more test to
(£} ALY = understand the liquid case.

School of Nuclear Science and Technology




Page 30/41

Prototype of spherical panel

The problems of
shrinkage and

M shape variation
. were resolved.

{\cryllc connection nodes bonding machine @SYSU

)
* rﬁj&;\@'}t School of Nuclear Science and Technology
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3.4 JUNQO Detector Prototype Page 31/41

 Check company parameters
*Prepare for PMT mass testing,
* Obtain experiences on:
—Large PMT mounting & installation
—Water proof PMT potting
—PMT performance in LS detector

—Calibration testing

*Finished at the end of 2015
*Preliminary analysis shows:

— All sub-system reached designed Goal
— PMT water potting working well

— Need more tests and further
understanding

] :
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3.9 Veto system

Page 33/41

«Cosmogenic isotopes reduction (°Li/®He) — precise muon track
sFast neutrons background rejection — passive shielding and
possible tagging

*Radioactivity from rock — passive shielding by water

Water Cherenkov detector + Top Tracker

Muon track Muon track Muon track

mbLLLL]

Top Tracker 4-]:-_ — e —
Water Pool

Rock «——

(a) (b) (c)

-2 SERI- 2

Wil 3 School of Nuclear Science and Technology



Water Cherenkov detector

Page 34/41

020-30 kton ultrapure water is
supplied and maintained by
circulation system

O-~2k 20” PMTs
O Detection efficiency >95%

v’ Fast neutron background ~0.1/day |

v Water buffer is 3.2m from rock to
central detector

v Radioactive background from rock
IS 7.4 Hz @3.2m water buffer

2=
By T LAAY .
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Top Tracker page 35/41

OComplementary
OReuse Target Tracker of OPERA
experiment (plastic scintillator ) ‘
OArranged in 3 horizontal layers M el
spaced by 1m to cover half of the top AL DA
area. LS

OAIl the 64 WLS fibers of one
module are read at both ends by two
64 channels multi anode \ |
photomultipliers (MaPMT). NN

Select “gold” muons for radioactive events reduction
*Ensure good muon tracking
Perform a precise muon tracking and provide valuable
information for cosmic muon-induced °Li/®He study.
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3.6 Calibration System Page 36/41

€ Radioactive sources $S Wall
Source Material b6 x 6 SS Tub
y: 4K, 54Mn, 80Co, 137Cs White Teflon "\ uoe
et . 22N q. 68Ge SS Pins ‘
n: 2%Am-Be, 2**Am- 13C or 2*'Pu- 13C, 22Cf <

.. Deployment rope
€ Position Control —

1-D: Automatic Calibration Unit (ACU)
for central axis scan — Comloble gy

2-D: Cable Loop System (CLS) for one KP. Spool drive
vertical plane scan + Guide Tube
Calibration System(GTCS) for CD outer
surface

3-D: Remotely Operated under-liquid- \
scintillator Vehicles (ROV) for whole CD cource @

Water Line

/] ‘«
source |
! /i
/ i
//

:w’«f JE RS ; |
School of Nuclear Science and Technology
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System Position Control Source change Others
ACU _ :
Spool drive (steel wire coated Manuial All critical. have
CLS with Teflon ©1.0) Automatic ’

) to be combined
GTCS +Tension Control Manual

Ultrasonic Receiver Array

7 A
-

€ Positioning
Method System

Rope Length Calculation CLS, ACU and GTCS
Ultrasonic receiver ROV, CLS

Z. ‘?
@ jj&ii)ﬁ‘ School of Nuclear Science and Technology
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Page 38/41

Center
cable

1 Linear actuator

Source —changing
Machine

Load Spool
cell drive

3 Cable
*Ultrasonic emitter
JelpumpB ;. * PCB board
Clamping band * |S6e8
Depth sensor * g * Jet pump A
|-+ Buoyancy adjusting
device
CCD camera * ¢ T.eakage sensor



980

Response is a function of R

960 _ Response Map of CD Surface
in » \\ v' Chimney S
. v' Fasteners "
- ! v' PMT Distribution |,
\ X
§ ooooo %/OGuide Tube “;_-m- R o S ot TN
° / Ratio of (R,0) 10 2w _ ___h
s, TR center f(R,0) _1.0MeVyun|f ml‘y;r:fnas(,u oo
| fromcalibration ™
used for  =s 32906@1 ooz oo
correction - MeV/(y) com couass-aoms
| ;
L s R
— O Need further improvements and more work

(B} ¥

Calibration source position

o LT Tl
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O Boundary Effect Sources

Page 39/41

School of Nuclear Sci

ence and Technology



4. SChedUIe Page 40/41

Ground breaking in Jan. 2015

— 900 m slope tunnel excavated out of
1340 m

— 330 m vertical shaft excavated out of
611 m

Schedule:

 Civil preparation: 2013-2014

e Civil construction: 2014-2018

» Detector component production: 2016-2017
» Detector assembly & installation: 2018-2019
e Filling & data taking: 2020

Future Plan
e Run for 20-30 years
. Likely, double beta decay experiment in 2030

)
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O JUNO is a fully funded project and progressing in
fast track.

O JUNO will measure Mass hierarchy (3 -4 ¢ in 2026)
and 3 oscillation parameters to <1% level, with other
rich physics potentials, such as supernova, geo-
neutrino, solar neutrino, sterile neutrino.

0 JUNO construction and R&D are on schedule,
alming at data taking in 2020.

Thanks for your attention!
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Back up
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Comparison with Other Experiments

M. Blennow et al., JHEP 1403 (2014) 028

A4 DUNE T DUNE "
True NO 't
6f 6f
& &
vy 5t vy 5t
X iy
g 54
:‘E ) E‘ 3:_
gf:z- "NOVA, DUNE:|§ 2 2!
| PINGU, INO: 6,,=40-50° 2%,
JUNO: 3%-3.5%
%15 2000 2025 2030 0

JUNO is unique for measuring MH using reactor neutrinos

— Independent of the CP phase and free from the matter effect: complementary
to accelerator-based experiments

— competitive in time

_______— Many other science goals

(R FFAAAE ;4
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Daya Bay | BOREXINO KamLAND | JUNO
Target Mass ~20 1 ~300 t ~1 kt ~20 kt
Photoelectron ~160 ~500 ~250 ~1200
Yield (PE/MeV)
Photocathode ~12% ~34% ~34% ~80%
Coverage
Energy Resolution | ~7.5%/NE ~5%/NE ~6%NE | <3%/E
Energy Non- ~1.5% ~1% ~2% <1%
linearity

F.P. An etal, J. Phys. G 43 (2016) 030401 [arXiv:1507.05613]

XI’AN JIAOTONG UNIVERSITY

School of Nuclear Science and Technology



	Physics, Design and Status of JUNO Experiment
	Outline
	1. JUNO Introduction
	Location of JUNO
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	2. JUNO Physics Goals and Potentials 
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	2.3 Supernova Neutrinos
	2.4 Diffused SN Background
	2.5 Solar neutrinos
	2.6 Geo-­neutrinos
	2.7 light sterile neutrino searches
	2.8 Atmospheric neutrinos
	2.9 Indirect Detection of Dark Matter
	2.10 Opportunity in Proton Decay
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	3.2 PMTs
	幻灯片编号 26
	PMT protection
	EMF shielding
	3. 3 CD structure
	幻灯片编号 30
	幻灯片编号 31
	幻灯片编号 32
	3.5 Veto system
	Water Cherenkov detector
	Top Tracker
	幻灯片编号 36
	幻灯片编号 37
	幻灯片编号 38
	幻灯片编号 39
	幻灯片编号 40
	5. Summary
	幻灯片编号 42
	Comparison with Other Experiments
	幻灯片编号 44

