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Introduction




Jinping Neutrino Experiment (JNE)

Focus on MeV-neutrino
related studies using water
and LS as target

JinPing Mountain

a.s.l. ~4,000 m
2400 m rock overburden:

the deepest and largest
underground laboratog
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Underground Muons

B Cosmic-rays strike the atmospheric nuclei, initiating
extensive air shower and generate numerous hadrons.

rt =t (V)

K* — p* +v,(7,)

B Only TeV-muons can penetrate the rock overburden and
arrive at underground laboratory.

B After energy loss in the rock, muons with hundreds of GeV
energies enter the underground laboratory and deposit
energies in the detector




Muon Spallation Radioactivity

B High-energy muons generate showers in the detector, and Isotope  Decay Mode Q-value [MeV] Half-life [s]
produce high-energy secondary particles. 165y 5 10.42 713
B These particles interact inelastically with target nuclei and 13N g+ 2.22 598
produce spallation nuclei 12y g+ 17.3 0.011
Muon e B 9.77 2.45
ey e gt 1.98 1222
Low probability to o, g s o3
. 4 3.65 .
ic shower
produce hadronic showe EM showerm§ 9 g+ l6s 0127
Photon "B B 13.4 0.0174
Negy > N
EM H 12 I'n 13.4 0.0202
) B fa 18.0 0.77
Target Hadronic shower )
Be I'n 11.5 13.76
j "Be EC 0.86 4.6 x 10°
. Li  p(49.5%)p n(50.5%) 13.6 0.178
Hadronic showers Neutron .
. . L1 [ a 16.0 0.84
dominate the spallation . ,
b k d d t He p(84.0%)p n(16.0%) 10.7 0.119
ackground production e 5 151 0,507
A 4 6




Important Background Source

B Spallation radioactivity 1s important background source for MeV-scale neutrino-related studies:

Events / 5N,
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B decays produce MeV-scale electron and positron: solar neutrino and Ov[3f3.

B/n decays produce cascade signals: geo-neutrino and diffused supernova neutrino background.

Borexino: solar neutrinos

Spallation Background
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Muon Generation and Propagation

B Muons are produced in extensive air showers induced by primary cosmic rays (MCEQ)

B Muons deposit energies in the rock overburden through ionization and radiative processes (Geant4)

Muon production Muon propagation
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Spallation Simulation

B Muons are sampled from underground muon energy spectrum.

B Spallation processes are simulated with Geant4 and three physical lists are used:

QGSP-BERT-HP, QGSP-BIC-HP, FTFP-BIC-HP
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Isotope Yield Calculation

B Spallation yield of isotope X can be calculated with simulation outputs.

Ny

X:
Ny X Lgye Xp

> Isotope X Number

'
Muon Number Muon Path Length Target Density

B Yield unitis 10”7p'g-'cm? and three models are used:

Modell: QGSP-BERT-HP
Model2: QGSP-BIC-HP
Model3: FTFP-BERT-HP

Isotope Modell Model2 Model3

13N
12N

0.65
1.57

386.60 305.72 392.39

28.18
0.42
0.18

21.58
1.12
0.40

35.73
1.84
5.12
0.22
4.57

LS target
0.76  0.65
218 160

25.36
0.57
0.17
13.93

1.59
0.43
47.22
1.86

11.49
0.31
15.06

28.68
0.44
0.19
21.96
1.14
0.40
36.45
1.87
5.23
0.24
4.67

Variation [%]
16.9
38.8
20.9
10.0
35.7
5.6
354
41.9
7.5
32.2

1.6
1244
40.9
229.5



Hadron Source

B Inelastic interactions of neutron and pion from hadronic showers dominate the spallation radioactivity in LS

QGSP-BERT-HP

N Pion 3 Photon I Proton N Neutron [ Muon I Nuclide Decay [ Other

100 4

30 1

60

40 1

Contribution (%)

20 1
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[ ateral Distribution

B Spallation nucle1 are produced near the muon track with about 4 m radius

B Sccondary neutrons are more penetrating than other particles.

Hadron source
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Entries

Uncertainty Estimation

Muon charge ratio 1s uncertain and spallation yield varies

” - Muon spectrum 4.1%
between positive and negative.
Muon charge ratio 2.8%
Variations of total yield are taken as uncertainty. Hadronic Model 12.6%
Variations among models originate from neutrons. -
Isotope | Modell Model2 Model3
Different inputs generate various underground muon spectrum. Li8(n) 0.66 656 0.67
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Background Spectrum

B Using Geant4 decay database, the decays of spallation nucle1 are simulated.

B The visible energy is calculated by summing the energies of:

* electron/positron
* de-excitation gammas
* Annihilation gammas for positron

Spallation background spectrum: 0-17 MeV
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B The expected neutrino and spallation rates for JNE 500-ton detector are calculated in units of events per year

Rate [Events/{MeV*year)]

Spallation Background Rate

Spallation --m B8 (>3MeV) Spallation (>3MeV)

108

104 :___1

102

10°

102

Events/year 244.6 88147  12227.5
—— Total ---- NI13 ---- pp

e =

Solar neutrino:

| Elastic scattering electron

10° 10!
Visible Energy [MeV]

4435 16.8
1035
] -- B13 c9 Lig
] B12 Bell Lig
B8 -=-=-=- Be7 Heb
1“23 -~ C11 N?3 HZS
-- C10 N12 - Total

1!]1-E

10! 3

Rate [Events/(MeV-year)|

] L

10 5 A T
= <0 !
= |

Spallation background

1072 4 e I
-1
!

10734/ i

10_4 !I| Il I I 1 I - 1 1
2 4 6 8 10 12 14 16

Visible Energy [MeV]

17



i By

Y
(Y
¥

¥ it S

Lo

-~
b I\
2

S




Summary

B [n this study, we show a detailed simulation study of muon-induced spallation backgrounds in the
JNE 500-ton detector. Several features of spallation are investigated. Consequently, the results
show that the muon spallation radioactivity at CJPL is a sub-dominant background for solar

neutrino studies.

Thanks for Listening
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