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Cavern
height: 115 m, diameter: 50 m

shielding from cosmic rays: ~4,000 m.w.e.

Muon Veto
plastic scintillator panels (on top)
Water Cherenkov Detector
3,000 phototubes

100 kt of water

reduction of fast

neutron background

Steel Cylinder
height: 100 m, diameter: 30 m
70 kt of organic liquid

30,000 - 50,000 phototubes

Buffer
thickness: 2 m

non-scintillating organic liquid
shielding from external radioactivity

Nylon Vessel
separating buffer liquid
and liquid scintillator

Target Volume
height: 100 m, diameter: 26 m
50 kt of liquid scintillator
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JUNO (Jiangmen Underground Neutrino
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Chemical Formula CoH12 CieHi1s | CisH30 PC + Ci2
1) — 5777 O &
Density [g/cm”3] 0.88 0.99 0.78
Relative Light Intensity [%] 1 1 -07 3C(CHy)y
Attenuation Length [m]
(Purity Dependent) 2 1z 7D
Cost [$/L] -4 ~4 -4

Cosmic Background Discrimination for the Rare
Neutrino Event Search in BOREXINO and LENA,
Dissertation von, Michael Wurm
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event rates (per 10yrs<MeV)
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M. Wurm et al. arXiv:0701305
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+ KRV,  Ey>25MeV
- SR V, 9.5 < Ey< 25 MeV
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V - 12C n g 0
n-capture y %10 3
delayed s
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v “n - Ev=1.25GeV
de-excitation 109 = o o Lo b e e b
0.2 0.4 0.6 0.8 1 1.2
prompt /. Q?2, GeV?
BELRILF—=a1—bMJ/ ~GeVTHEIRIF—ICHEETS
S BGHE#F#L (7.5 <E <30.0 MeV)
S 5IC... ‘
Pz N ) Reaction Number of Events
ki e mELx/lF—- v(P)+12C— v(P) + n+1CHry 13.2
RIARE (BAER) D v(7)+12C— v(¥) + n+'"B+p 1.4
HENY e s EEg 2 v(v)+12C— v(v) + n+5Li+a +p 1.4
n hole v(¥)+12C— v(¥) + n+°Be+2p 0.3
Sz 2n 1---(O---@--- v(9)+12C— v(P) + 2n+1°C 0.1
Y. Kamyshkov et al. Phys. Rev. D67, 076007 Total 16.4 +4.7
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Estimation and Best-fit

SRN Reactor J atm. NC atm. CC [ Fast Neutron | Accidental
Estimated 7 22+0.7140=x03 13.4 +4.7(109+0.2 | 3.2+3.2 (0.22+0.01
Best-fit 0 |22 4 |) 148 0.9 2.9 0.22
free parameters
12 = — \ N
B —eo— KamLAND data j(/)_?\:-—l — I\ IJ / l::lllij] l// I\
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: BN fast-neutron Estimated
B atmospheric v CC f f 1 64 + 47
8:_ B atmospheric v NC ( rom cross sec |on)
: spallation _
6 reactor v, Best-fit 14.8+58_¢
T — BG + SR ¥, (from KamLAND data) ' '
474 (90% C.L. upper limit)
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v=al—>3V

Event rate, per 10 y*47.8 kt*100keV

Neutrino MC generator GENIE Neutrino-Nucleon interaction cross section
+ final state interaction (intra-nuclear cascade)
Particle tracking Geant4
103 = Atmo. NC Background
= DSNB <E >=12 MeV
E DSNB <E,>=15 MeV Reaction channel Branching ratio
10%E j(’)—f\,: a—KNUJ/ g::: :EE:;:’ m:“; (1) v + 2C = v +n+ 1C 38.8%
- - 2) 1y +?C - v +p+n+1'B 20.4 %
= (3) vy + 2C - v +2p+n+?Be 15.9%
10 (4) vy + *C - v +p+d+n+°Be 71%
= - 5) i +"2C - v +a+p+n+°Li 6.6 %
. SR V (6) vy +2C > v +2p+d+n+ L 1.3%
1 e (7) ve + 12C — v + 3p + 210 + Li 1.2%
= D e ““’“‘“‘”‘M«M&M L 8) vy +*C - v +d+n+"°B 1.2%
_ _ ) 9) e +2C - v +2p+t+n+OLi 1.1%
10/~ (10) v +12C — v + a+n + "Be 1.1%
= (11) vy + 2C — v, +3p +n + 3Li 1.1%
1 [ other reaction channels 4.2%
10-2 TR [ SR SR S S NN ST ST T TN (N SN S S SN S S S S S S S S N
5 10 15 20 25 30

Reconstructed neutrino energy, MeV
R. Mollenberg et al. arXiv:1409.2240
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PSD (pulse shape discrimination)

pulse height [a.u.]

S 3 — data
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: g € Lt =285ns
o Y S 0.3 - L F
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- \\ 0.15
N \%fk 0.1 '
5 , LAB + 3g/| PPO + 20mg/| bisMSB
‘ | | A l A | | l l A | A | I ' | | | [ ' | l l | 0.05 ll Il 1 11 | L1 1 1 I 1 L1 1 I 1 L L1 l 11 L 1 l 1 L1 Il l 1 1 L1
50 0 50 100 150 200 0.5 1 1.5 2 25 3 35 4
t [ns) visible energy (MeV)
R. Mollenberg et al. arXiv:1409.2240 L. Oberauer, 17th Lomonosov conference, 2015
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Atmo. NC Background

Event rate, per 10 y*17.5 kt*1MeV
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Neutrino energy, MeV

L. Oberauer, 17th Lomonosov conference, 2015
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IBD Atmospheric | Fast neutron | DSNB Signal
acceptance| NC rate [10y] rate [10y] |(E.) = 12MeV
90.0 % 378 £ 2(stat.) |8.6 £ 0.5(stat.) 40.2
80.0 % 155 & 1(stat.) |4.5 4= 0.4(stat.) 35.8
50.0% [34.4 + 0.5(stat.)|2.1 4+ 0.3(stat.) 22.4
| 400% [21.8 4+ 0.4(stat.)|1.8 + 0.2(stat.) 17.9 |
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from star formation rate
-------------------- S. Horiuchi et al. arXiv:0812.3157
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Mean supernova neutrino energy, MeV

L. Oberauer, 17th Lomonosov conference, 2015
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Mean supernova neutrino energy, MeV

R. Mollenberg et al. arXiv:1409.2240
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from star formation rate
S. Horiuchi et al. arXiv:0812.3157

T IV HEBR

T INEDSKDHIRL D b 8{ZhE



JUNOZESR CTDSRNE

RE 1 O0FEH (EE5®EIERA40%DPSDA Y )
<E,>=15MeV, /\v I 50> RAEHE = 5%

,.l; — DSNB: <E >=15MeV 'e? 2?
g —— gum of backgrounds ‘E‘
- 10 3 reacior v, o i
4 - CC atmospheric ¥, § i
; — NC atmosphenc v -,:1 51
p fast neutrens g L
. g
= X
g 1 C - 1 % \\'\\
S f 50
Q
—
2 4o
B -
g ) 0.5 F 3G
c 10 E - 20
1
MY Y < T T T i - 0'-4'-1111| WH ENETE FEENE SRENl FENTE PNl PR NN SR
10 15 20 25 30 35 12 13 14 15 16 17 18 19 20 21
prompt event energy [MeV] mean spectral energy <E(v,.)> [MeV]

- EEREHOER

+ 30 @ 10year (L—Kh+IRJLF—Z~NTKNL)



SRNHIZE DL

GADZOOKS!
| - BN IIZIVER

nuetrino v

\:roton L~ \
‘ o3 Gadolinium

l"w‘m“ Gamma rays

JUNO (20 kton)

Super-K (50 kton)

R e

G N TR
-/ '('.'

4y

Originally detectable signal New signal

XIIXSRNFERZHIiET

LENA (50 kton) Hyper-K 10 years

200
§1 80 .}
o 160 +FRN+B G.(inv.mu 1/5)

§140

S120} ++ iﬂﬁt
5 Mt

> 80}

A\2

H
o

Events/2Me
»
o

N
o

10 15 20 25 30 35 40 45 50 )
Energy (MeV) ‘ Size of Super-K

SRNAIEIC K > TEMEBRFAE - FHEREDETILZHIPRT S




=y al)

o IRNIBKIEZa—bMY ./ (K5 - #HIK - BFE - BFEE=
—a—hKU/) DSRAEYVTFL—Y R OERIEFETH D .
IF3H (L 20 ktonZx B X 2 REEHEZERDBHRENFTE Th Do

e KamLANDEFR COBFHEET=2—MNJ /EXRICL> T, X
K[Za—RU /NI TS RYPMERREZHIRIT 5 &N

FES M ERD, [EEERTIIEFHR] (PSD) Ik >T21#
BEDINV ISV RBREZNEET S,

o I IF3o0EETH®RE (1 OFEHH @ LENA, JUNO) %
159, SK-GdE DT CEREIFIES SICE X %,




