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for the JUNO collaboration
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Jiangmen Underground Neutrino Observatory

the first multi-kton liquid scintillator detector ever
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Neutrino mass hierarchy

normal hierarchy inverted hierarchy

Normal Hierarchy Inverted Hierarchy

L4

IAm, | 1 |Am3,|
) 1 ) Am31

|Am3,|+|Am3, |

I
2 2
|Am3,|—|Am3,|

2 2
|Am3,| > |Am3,] |Am3; | < [Am3,|

Am

s1normal = AMs31 inverted

@ |Am3,| =m?,—m?, has opposite signs in the two hierarchies! @



Method from Petcov and
Piai, Phys\ics Letters B 553,

Oscillation interference 04106 (2002

B Am;; L

Full oscillation probability | . (0o Aij =~
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next generation

L/E (Iim/Mn'eOV) | J1L/EA (I\m/MgV)



Interference term

Survival probability

Pl’/e—we =1 -

7 — — o
—|COS 613 sin” 26}, sin” Ay | slow solar oscillations

sin? 2913( cos? 8, sin® A3, + sin® 8, sin? A32)
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Fast oscillations with the two
similar mass splittings

Aj = AmjL/AE,

=1-— %sin2 20|3[1 — 1 — sin? 26,5 sin® Ay, cos( 2| AI“.|®¢)] NH: +

PP 2, S Ve y n—
—|cos™ 8,3 sin” 26, sin” A,y

IH: -

Am? = 4E¢ L.

2 — cos2 2 in2 2
Am;, = cos* 0, Ams; + sin” 6, Ams;.

Can be looked at as an extra sin ¢ =
effective mass-squared difference Am?2 = f(E,L)

'5100

S

- 80

A 4

ch sin( 255 Ag]) — 55 sin ( 2ch Azl)

J1 — sin2 26, sin? Ay,

10° cl cos(2s,22A2|) + 53 cos(2c122 AZ])

cos ¢ =

J1 — sin? 26, sin? Ay

>

0.01

E,is (MeV)

Effective mass-squared difference
NH: 21Am2,| + Am?, and increases with energy
*% IH: 2l1Am?%,| - Am?;and decreases with energy
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Oscillation pattern for JUNO

Arbitrary unit

o
o

. b Non oscillation
: —— 6, oscillation
Ay Normal hierarchy
H AY Inverted hierarchy
! . typ. v-energy: 5 MeV

*

! different frequencies "\ good L: 50 ... 60 km

-
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-
- -

10 15 20 25 30
L/E (km/MeV)
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Ax? as the standard statistics in a nutshell

Spectra generated with NH and
fit with both hypothesis

Normal true MH
20 -
Nz T3 N
= True MH.
W 10 -
<
—— True MH (ideal)
sL|-- - True MH (real)
—— False MH (ideal)
- - - False MH (real)

MH

1 N
114

0 1 1 1 1 1 1 1
234 236 238 240 242 244 246 248 250

|AMZee| (X10° eV?)

First, we have the observed
spectrum of measurements.

Second, fit the (pseudo-)data
with both hypotheses (normal
and inverted hierarchies).

Third, define Ax? as our
standard statistics.

Finally, use Ax? as the
discriminator for experimental
design and optimization.

Xkea = | i = T(1 + Do) | + Li Av2 = |22 2
i1 M; k Ok Xt = i N = X (DI
Systematic effects : ,
Ideal Core distr. | Shape | B/S (stat.) | B/S (shape) |A7nz#|
Size 52.5km Real 1% 4.5% 0.3% 1%
Axig | +16 —4 —1 —0.5 —0.1 +8
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Spectrum, an experimental challenge

 Detection of few MeV electron flavour antineutrinos from reactor:
liquid scintillator detector
* Inverse Beta Decay interaction (IBD)

Antineutrinos / MeV / Fission

Y
AN
N Y
09 x10% /A\ -
- o RN _-"

E E / - 7 \\
0.8 :_ C) n //\\ /I delayed \\’ - ""
07 S o  ~236ps ;

= 3 -7 v
0.6— ()] I/_,.-——-b.’

- g e . prompt ¥ (2.2 MeV)
0.5 = 15} p . ~few ns
0.4 g' N

= X
03F a v (511 keV)«———t-——»Y(Sll keV)

= 1] 5
0.2 2 t

- 3
0.1E o

= >

oEs =z
0

1 2 3 4 5 6 7 8 9
Antineutrino Energy (MeV)
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Spectrum, an experimental challenge

Resolving signature wiggles in the L/E spectrum

« excellent energy resolution 3%/sqrt(E)

« Dbetter than 1% understanding of the energy scale
Large statistics (O(100k) = large mass (20 kton)
Backgrounds: radio-purity and rock overburden of ~700 m

Stochastic terms Systematic effects
(photon statistics) - Calibration
e . v o/p/y sources
- High light yield
'gh Tight yie v" Light pulses
- Good transparency v UV-laser

e PMT geometrical coverage
2 _ o < « Double calorimetry concept
C PMT Collectlon Eff|C|ency (|arge and Sma” PMTs)

 PMT quantum efficiency




Experiment BOREXINO
LS mass ~300 ton

Coverage ~34%
Energy resolution ST A ~5%/,JE ~6%/\JE ~3%/JE
Light yield ~-160p.e./MeV | ~500p.e./MeV | -250p.e./MeV |- 1200 p.e./ MeV
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Fit with both hypothesis: NH and IH

% - %30002_ 53 km P f}
1000__ Illt—lillte 2500; . g '\/f' Hkb '}
- . - 3% resolution i -.
800 — resolution i '
[~ 2000_— 3 ?
: — - }\}/'
600_— 1500__ \/‘\‘\3 ‘I,
4°°:_ 10005_ \\'\N"‘/J
- T F/
200 soof- NH spectrum fitted with NH
é 3 4 é 6 7 - 2 é
E (MeV) E(MeV)
: - . gsoooE AL
1°°°: Infinite 53 km /,;\{ ,ihﬁ. fl
- : 2500 ) VAR
wof | resolution 3% resolution /o "1
- 2000\ |
600:— \r‘ 000g \E\{r\{ /\ij ’\;IHX
L Wt 1500— \‘\ o :
400:_-53 ¢ Efif;iii* - EWJN
s ¥y 1000 —
200 —
NH spectrum fitted with IH wl . :
i e L, B NH spectrum fitted with IH
E (MeV) 2 3 s s & 7
E (MeV)

From: Bachelot thesiis of Luigi Pertoldi, Uni Padova, ltaly



Other physics
goals of JUNO
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Precision measurement <) JULICH

of the oscillation parameters

Am3, |Am3, | sin” o | sin” fq3 sin= O3
Dominant Exps. | KamLAND | MINOS SNO Daya Bay | SK/T2K
Individual 1o 2.7% [20] 4.1% [25] | 6.7% [6] | 10% [21] 14% [23, 24]
Global 1o 2.6 2.7% 4.1% 8.6% [1%

Probing the unitarity of Upyng to ~1%
more precise than CKM matrix elements !

New physics tests in low-
energy oscillation

+BG phenomena:
Statistics +1% b2b
+1% EScale Light sterile neutrinos
+1% EnonL ;\4'05-654°t dard i
: on-standard neutrino
sin2 0, 0.54% 0.67% : .
. INnteractions 1310.5917, 1408.6301
Am~y, 0.24% 0.59% Lorentz and CPT violation
Am?__ 0.27% 0.44% 1409.6970
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Observatory for astrophysical neutrinos

Supernova neutrinos
Indirect DM search v burst established

—> discover DM or - extract information on
extend excluded core-collapse and

parameter space neutron star formation

Solar neutrinos
pp-chain measured

- CNO neutrino flux
—> study solar interior

Diffuse SN neutrinos
still unobserved

: - discovery, z-dep. SN rate
s ~ and average spectrum
=N how: 40 observation
— geology: radiogenic
heat, U/Th conc.




Detector design
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Experimental site and baseline optimization

Kaiping,

|g,g;g$en,

Guangdong

01\ wiion
Nﬁong Kong e

ir

NPP | Daya Bay |Huizhou | Lufeng |Yangjiang Taishan
Status | Operational | Planned | Planned | Under construction | Under construction
Power | 17.4 GW 17.4 GW (174 GW | 17.4 GW 18.4 GW

by 2020: 26.6 GW ‘

Previous site candidate

Koh

6 years
L =52km
E_res =3%




Going 720 m underground

Vertical Tunnel: 611 meters

v/ Experimental Hall overburden: 720 m (1900 mwe)
v/ Two access to experimental Hall

=? Vertical shaft progress : 330 m out of 611 m

= Slope tunnel progress : 900 m out of 1340 m

Sandstone Hornstone i

- - ~
. ~.

2
=
=
[
-
4]
N
e




JUNO detector design

Calibration

Top muon veto
Scintillator panels

Outer water tank
Muon Cherenkov veto

Steel support structure
optical separation

18,000 PMTs (20°) _ << -

36,000 PMTs (3*)
water buffer (2m)

Acrylic sphere
diameter: 35.4m

b

."'.-4{: Y ag %3 9

-y 0

1w
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JUNO detector design 22"
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JUNO expected backgmund"J
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Selection IBD efficiency | IBD | Geo-vs | Accidental | “Li/*He | Fast n | («.n)
- - 83 1.5 | ~57x10 84 -
Geo:1.8% Fiducial volume 91.8% 76 14 77 0.1 0.05
Energy cut 97.8% 410
Acc: 1.5% Time cut 99.1% 73| 13 71
9L i/*He: 2.7% Vertex cut 98.7% 1.1
Muon veto 83% 60 1.1 0.9 1.6
Combined 73% 60 3.8
Expected upper limit for each material (Preliminary)
. > ‘ les(Hz
Material Mass U *Th 'I"JUII)FM = **’Rn 50Co All \'olums;nglFi((lggi)al volume
LS * 20kt | 10 %ppb | 10 Pppb | 10~ "ppb | 1.4x 10~ Bppb 2.39 2.2
Acrylic * 561t 1ppt 1ppt 1ppt 6.92 0.36
Oxygen-free copper 10t | 0.099ppb | 0.1ppb | 0.14ppt 1.8mBq/kg 2.44 0.2
Dust 1 0.1
Pulley and Ultrasonic receiver Array 1 0.1
SS tank 350t | 0.097ppb | 1.97ppb | 0.05ppb 2.0mBq/kg 0.89 0.087
400ppb 400ppb 40ppb Hamamastu PMT .
PMT glass * 156t s ;gb =5 ; ;b 20; ; R e 17.93 2.42
PMT potting sealant 6.6t 12ppb 26ppb 25ppb 1 0.1
PMT protection cover 177.5t 10ppt 10ppt 10ppt 0.01
PMT potting shell 177.5t 10ppt 10ppt 10ppt
Radon in water * 35kt 0.2Bq/m?* 16 1.3
Rock 10ppm 30ppm S5ppm 7.4 0.984
| Sum [ 570 | 7.9

» The most critical materials are shown with “stars” in the material column.
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JUNO Central Detector < JuLicH

Acrylic
sphere+
SS truss

L I] njli il }41““1” ﬂ I

g 7 ;A';.“;f‘
/09 X R REE
A EEL

Balloon+ I/, d I o
$S tank SS truss+ Acrylic sphere ), EAEL Bl | [

2015 Bttt
Acrylic I/ / f IJ:LHMWQ\
module+

Final decision:
Acrylic sphere + SS truss

SS tank

Acrylic

sphere+
SS tank
Balloon + Acrylic support+ SS tank
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JUNO Central Detector < JOLIch

Acrylic Sphere and Stainless Steel truss

v’ safety was given a priority

v' 260 acrylic panels of 120 mm thickness

v Total weight: ~600 t of acrylic and ~600 t of steel

=

H-beam

& Connecting bar

Connecting
node

Worst stress case: the total vertical load is ~¥2600t up, ~560 connecting nodes will carry it
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QQQ QQpp

o0,
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55 25

24

—t e

3l 26

Water Cherenkov

20~30kt ultra-pure water

Water acting as moderator &
pool instrumented to detect Cherenkov light

2000 20" PMTs located as in the picture

Maximise detection efficiency of Cherenkov light

(.75

-

Top Tracker

Using OPERA plastic scintillator (49m?/ module)

Three layers to ensure good muon tracking

Partial coverage due to available modules

46 5

* Reject ~50% muons

* Provide tagged muon sample to study
 reconstruction and background contamination
=l with central detector




JUNO Liquid Scintillator

LAB solvent
linear-alkylbenzene H,C(CH,),

» Developed by SNO+
» Used in Daya Bay
» Planned for JUNO

Compared to pseudocumene:
* Non toxic

 High flash point

Cheap

Compatible with acrylic
Excellent transparency
Worse particle discrimination

RRRRRRRRRRRRRRRR

(CH,),CHg



JUNO Liquid Scintillator cocktail

Liquid scintillator composition

Linear alkylbenzene
(LAB) as solvent

. non-radiative
-2 280nm

3 g/L PPO

1 non-radiative

-2 390nm
15 mg/L )

bis-MSB

“* light emission

> 430nm, t=4.4ns

JULICH
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Required properties:

= High light yield: ~10% ph/MeV
—> pure organic solvent
- high fluor (PPO) concentration

= High transparency: ~20m
—> choose transparent solvent > LAB
—> the producer matters!

= - shift light to long wavelength - bisMSB

1.10

1.05 - ﬁé é
1.00

k)

Q2 1

> 0954

£ ]

i 0.90 —— Tested by 12cm vessel

2 1 -0 Tested by 12cm vessel

% 0.85 + (conformance measurement)

= A Tested by 25¢cm vessel

f 2 3 4 5 & 1
concentration of PPO (g/L)
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JUNO Liquid Scintillator Pilot Plant = ="

Goals

v/ Purify 20 t LAB to test the overall design and operation at Daya Bay.
Replace the target LS in one detector.

v/ Quantify the subsystems effectiveness: v/ Allow to select the best sub-system
. -> Al,O3 column, distillation, gas
=¥ optical : > 20 m at 430 nm stripping, water extraction

=¥ radio-purity : 107 %° g/g (U, Th)

=
— ‘ i
5 O L
o o i'
o o . L=
f o v =
o :of = :
Q i I ; w
~ 2 ) 4 o | &
o = -‘i i wn = a QO
2a =y = . 3
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Optimizing light collection <!

Supper layer arrangement method 77.8%

= optical coverage: 78%

JJJJJJJJJJJJJJJJJJ

- 18,000 large PMTs (20%) = 75% | R T T T
- 36,000 small PMTs (3“) 2 3% :
(double calorimetry + timing)

SELECTED

444444444444444444
.

Spherical triangle method 72%

T
U
.
\ /N N4
\ / . .
\ 4 \
v \
\\ ’ v
\ /
A= - - O
SAETEN
N ——
SR e
st R
. |

Volleyball arrangement method 75.96%
A

Football arrangement method 74.08%

20x< >

NGy

12x




JUNO Large 20-inch PMTs /%-¢#

20-inch Hamamatus PMT-Dynode Ellipsoidal Glass 20-inch IHEP-MCP-PMT-Ellipsoidal Glass

TRANSMISSION




JUNO Large PMTs

Optimize light
collection:

= optical coverage: 75%

= quantum efficiency QE x
collection efficiency CE

= 35%

—> photons detected:

~26%

More in the talk

of Sen Qian

on Sunday @ 11:15!
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Dynode-PMT MCP-PMT
R12860
Hamamatsu NNCV - IHEP
Parameter Japan China
5000 15000 units
units
Photocathode | transmission transmission
+ reflection
QE (400nm) 30%(T) 26%(T) + 4%(R)
relative CE 100% 110%
peak-to-valley >3 >3
ratio
transit time ~3 ns ~12 ns
spread
dark rate ~30 kHz ~30 kHz
afterpulsing 10% 3%




#) JULICH

JUNO Double Calorimetry
) , : ~ :

. v / X S ¢ [ ‘ N |
: DS é | . - - 2 independent read-put systems
: , -l 18,000 20-inch Large PMTs (LPMTs)
36,000 3-inch Small PMTs (SPMTSs)

» Concept approved in July 2015

» Optimization of the final number
ongoing

Investigation of PMTs
from different

suppliers

Current baseline design
® ~18,000 20-inch PMTs
Hamamatsu HzC Hamamatsu MELZ ~36,000 3-inch PMTs

20-inch 3-inch 3-inch 3-inch
R12860 XP53B20 R6091 10 dynodes
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JUNO Double Calorimetry < oticH

c{{.\/\: . | c‘.ﬂ
20-inch LPMT gg”OCgOSPMT il
18,000 Y
1,200 p.e./MeV 100 p.e./MeV
o= - “IHE @
Tirte 4 4
* 75% photo-covergae * 3% photo-covergae
» Stochastic term: 3%/sqrt(E) « Stochastic term: 10%/sqrt(E)
» Slower and worse p.e. resolution « Faster and better p.e. resolution
« Large dark noise « Small dark noise

« Reducing non-stochastic terms in the energy resolution dependence

- Extending the dynamical range

« Improving time and vertex resolution, muon reconstruction

« Importance in high-rate SN detection



Integrated PMT-redout Chip

Developed at ZEA FZJ, Germany -

wotage

Intelligent PMT

VULCAN|

ADU

DAQ

Data acquistion

GCU

Giobai control

~o
~

VULCAN

Analog Unit Control Unit

Input from PMT

Low Gain Receiver]

£

BIAS

(o

Key features of VULCAN

Sampling rate 1 GHz

Bandwidth 500 MHz

Input impedance <10 Q

Dynamic range L 9000 p.e.

16

ADC resolution 8 bit [3 x]
High gain 0.06 p.e./bit
Medium gain 0.4 p.e./bit
Low gain 8 p.e./bit

Power 1W

Area 22.09 mm?

Data processing for
signal reconstruction
Fast trigger generation
parallel to signal data
Three large dynamic
range ADCs

Highly configurable
alternative operating
modes

Optional compensation
for signal overshoot

Medium Gain Receiver|

PAM
processor

41 16 bits

Baseline

TIA

BIAS

s

High Gain Receiver

[>—» ADC

A

BIAS

CLK
PLL

regulator

Data

Registers

HAL JTAG

BIST

PLL Control DSP

LVDS CLK

¥ 3 bits

A4

Selection of gain mode

(best precision & not saturated)
Data reduction: 3 GB/s—~1 GB/s

Trigger

#) JULICH

FORSCHUNGSZENTRUM

Analog Unit

Transimpedance
amplifier (TTA)
Phase locked
loop (PLL)
Analog to digital
converter (ADC)

Digital Unit

Programmable
adaptive memory
(PAM)

Digital signal
processor (DSP)
for trigger
Configuration
Interface (JTAG)
Built-in self test
(BIST)

Head of assigned

liabilities for start
up control (HAL)
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JUNO calibration system

Goals Radioactive Sources
v/ Overall energy resolution : 3%/vVE v photons : 4K, %#Mn, 6°Co, 137Cs
v/ Energy scale, non linearities : < 1% v positrons : 22Na, 68Ge
v’ neutrons : 21Am-Be, Z21Am-13C
241p,, 13 252
Four Complementary Systems Pu-2C, =°Ct
v/ 1D : Automatic Calibration Unit ACU - Central cable fan—
for central axis scan Y
v/ 2D : Cable Loop System CLS Spool drive
for vertical planes scan and J k Waler Lo
Guide Tube Calibration System GTCS ACU

= - Side cable
for CD outer surface X

CLS pulley
v/ 3D : Remotely Operated
under-liquid-scintillator Vehicles ROV ‘.
for whole CD scan ‘.‘ ) Source —_

~ Rope Length Calculation = CLS, ACU and GTCS
Ultrasonic receiver ROV, CLS
CCD(Independent) ROV, CLS

GTCS | %20 J/
Method System \. ~—
source = Source
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JUNO schedule

Complete civil

Complete construction. Complete detector
conceptual design. Start detector assembly,
Complete civil PMT production construction and  installation and LS
design and bidding  line manufacturing assembly filling

1 1 1 1 ~

2013 > 2014 > 2015 > 2016 > 2017 > 2018 B 2019 P 2020

T T T T =

Start civil construction. Start PMT Start LS production  Start data taking
Complete prototyping production.
(PMT & detector). Start detector

International collaboration production or
established bidding




*
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BACKUP SLIDES
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Baseline optimization™

30 — T T T v T T 1T T T 7 T

6 years
L =52 km
E_res =3%

6 years
Ideal distribution
E_res =3%

Ay (MH)

0 20 40 60 80 100 120 140 160 5 4 3 2 4 0 1 2 3 4 5
L (Km) AL (km)

In case of multiple reactors,
Optimal baseline is at L = 50-60 km, minimize the spread of L
at the oscillation maximum of Am?,,

Cores YI-CI YJ-C2 YJ-C3 YI-C4 YI-C5 YJ-C6

. . . Power (GW) 29 29 29 29 29 29
Choice of the experimental site Baseline (km) 5275 5284 5242 5251 5212 5221
Cores TS-Cl TS-C2 TS-C3 TS-C4 DYB HZ

Power (GW) 4.6 4.6 4.6 4.6 174 174
Baseline (km) 5276 52.63 5232 5220 2I5 265
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Step 3, 4: Ay? definition and MH discrimination

2 Axym = X N) = X2, DI
5 Npin [M ( l + Zk ik €k)] 6']% MH / min mm\
XREA = Z M. o2 P4 N
i=1 t k k fit with NH assumption fit with IH assumption

M. = number of measured IBD events in the it bin (200 bins between 1.8 — 8 MeV)

T, = number of expected IBD events in the i" bin after oscillation f(MH; E, L, sin®0,,, sin6,; Am?, Am?_)
T, for NH and IH is considered separately, two separate minimizations

g, = pull parameters for reactor and detector-related systematic effects

o, = uncertainty of the parameters used in pull terms

o, = fraction of neutrino event contribution of the it pull parameter to the it" energy bin

25 T T T T !
Normal true MH ]
False MH
20 - 1
:515: _______________________________ L_.g_._____—
= True MH | _
?; 10L Spectra generated
< -y with NH and fit with
| — True ideal 0
5| - - True MH (real) both hypOtheSIS
——False MH (ideal)
L | = - — False MH (real)

° " " " " M M M
234 236 238 240 242 244 246 248 250
|AMZee| (X10° eV?)
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Supernova (SN) burst neutrinos

Ve Burst Accretion Cooling
— 400 X L Al Ll l L} Ll Ll l Ll Ll L l L L L 4 70 Ll Ll l LJ Ll Ll ' Ll Al Ll ' Ll Al Ll l4 L L ' Al Ll L) ' Ll L Al ' L L) Al :
?.” 27Mo 1 60 12 3
= S00F 50 10 3
o L :
= . 40 8 e
£ 200 - 3
é - 30 : 6 :
g 100 _ 20 4 r
) - 10 § 2 -:
0 FYREE W TR N T T 1 7 0 PREE TENE T R NN WY W S NN NN WA NN RN N Y 0 S T Y | TV N TR N YN THNY W NN RN T 7 3
=20 0 20 40 60 0.0 02 04 0.6 0.8 0 2 4 6 8

Time [ms] Time [s] Time [s]

% Huge amount of energy (3x10°3erg) emitted in neutrinos (~0.2Mo) over long time range

% 3 phases equally important » 3 experiments teaching us about astro- and particle-physics

Process Type Events (E\=14MeV

Ve+p — €*+N CcC 5.0x103 Expected events in JUNO for a

V4P — V4P NC 1.2x10° typical SN distance| of |0kpc

V+e = V+e ES 3.6x102

v+12C — v+12C* NC 3.2x102 We try to be able to handle Betelgeuse
Ve+12C — e-+12N cC 0.9x102 (d~0.2kpc) resulting in ~10MHz trigger rate
Ve+12C — e*+12B CC 1.1x102

NB Other (E.» values need to be considered to get complete picture.

J.Phys. G43 (2016) no.3, 030401
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Fusion reactions in solar core: powerful source of electron neutrinos O(1 MeV)
2 'E
JUNO: neutrinos from 7Be and 8B chains 5 os& Current status
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Diffuse SN Neutrino Background

Problem: NC events with prompt energy deposition plus

neutron knock-out from '2C mimick IBD events Possible solution:
108SN per year —- - L NC af[mospherlc
fl > [ 2 neutrino
Averaes LuX = ¢ NG o 2 10 background can be
Sl mn. g 0 suppressed by the
o F — OSNB: <Ee1oMev | © pylscaT s_hap_e
A e [ Tnmolhedoem® | 2 discrimination!
averaged SN spectrum PR NB CCamosphericy, | 8 1 |
. s —— NC atmospheric v 3 F
redshifted by, s | o : L
. . (] = ° C
COSmIC eXpansion, ‘s - reactor k) B
v . 2e-1 s C .
Ve flux: 20 cms h; . Fast neutrons é reactor
2 T 210"
" E \ E \N
;11'|||1111||1111||11111|1111 TllAIllllil|llllllllllllllll
10 15 20 25 30 35 10 15 20 25 30 35
prompt event energy [MeV] prompt event energy [MeV]
’ - - -
Never observed yet! 10 Years’ sensitivity
Syst. uncertainty BG 5% 20 %
(Ep_) rate only spectral fit | rate only spectral fit
12 MeV 1.70 1.9a 150 .70
15 MeV 330 350 300 320
ISMeV 5.1 540 460 470
21 MeV 690 730 620 640
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Geoneutrinos

Big a _dvantage: | N :::iuglaet(;l S{lfJiIIIO antineutrino spectrum (prompt energy)
v Big volume and thus high statistics! . ppy—
Main limitations: ek LRl yearaftercuts
o 400 * FV18.35 kton (17.2 m radial cut)
v" Huge reactor neutrino background; & - * 80% detection efficiency;
v Relatively shallow depth — cosmogenic o % T @1 Me energy resoluion
background; g 300F
s w 250:—
Critical: g ol
v Keep other backgrounds (2'°Po 200E
contamination!) at low level and under 150~
control; 10f.|  Geoneutrinos
Accidentals F U+Th with fixed chondritic ration
05 SLi - 8He
0 1 2 3 4 5 6 7 8 9 10
Source Events/year Visible energy [MeV]
Geoneutrinos 408 + 60 =
U chain 311 £ 55
Th chain 92 + 37 Current (Borexino and KamLAND) precision on
_~Reactors 16100 + 900 geoneutrino flux is ~25%
Fast neutrons 3.65 + 3.65 JUNO can reach 17% precision within the first

13C(a, )10 182491 Geological study of the local crust: separate

94 - 8He 657 & 130 } year and 6% after 10 years
Accidental coincidences 401 +4 mantle contribution
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Sensitivity: Energy resolution & exposure

Sensitivity to mass hierarchy

0.040

0.035
I Ax? levels

energy resolution

0030k - - oo x_n.Q’.r_’/.r_’a_/. value _ _ _ _ _ |

16/

SJ1JDWaLSAS ‘So14SI4p4s uojoyd

0.025
V /
0.020 . ‘ . ' :
0.50 1.25 1.50
exposure
) L
target mass, cosmogenics veto nominal exposure

= 36 GW x 6 years x 20kt
= 809% IBD efficiency
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Detector Resolution Requirement

parametrization for the detector energy resolution is defined as

5 _ \/ () e (5) 219

where the visible energy E is in the unit of MeV.
Based on the numerical calculation of sensitivity studies in terms of Axlzle, we find the ap-
proximate relation for the effects of non-stochastic terms (i.e., b, ¢) using the a term as,

o) =@ () + (%) + (@m) - e
VE E/  \V\VE VE 1.6 VE) ' ’
which demonstrates that the effect of b is 1.6 times larger than the a term, and the non-trivial ¢

term is less significant than a by a factor of 1.6. Therefore, a requirement for the resolution of
a/vE better than 3% is equivalent the following requirement,

\/(a)2 4 (1.6 x b)2 + (%)2 < 3%. (2.14)



