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Name : Jun Wang (E8) Gender : Male

Age : 32 Degree : PhD
Date of graduated: June 20,2022 BOREN | PHETR

Nationality: P. R. China

Employer : IFCEN of Sun Yat-sen University
Current position: Postdoctoral associate / 78z 2PCiG =R

Tel : 17717014380  Email: wangj933(@mail,sysu.edu.cn

Research interests : neutrino physics and experiment.

Expertises: neutrino phenomenology & machine learning.

Skills: C++, Python, PHP, Javascript, MySQL, Matlab, etc.

3



Brief biography

A

A

Main Education

Anhui University of
Science and Technology

* Bachelor of Science
in Applied Physics

e Supervisor: Assoc.
Prof. Hu Li

Sun Yat-sen University

* PhD in Particle Physics
and Nuclear Physics

e Supervisor: Prof. Wei
Wang

e Thesis: Research on

Mass Ordering and New | °

Physics Effects with the
JUNO Experiment

* Experiment: JUNO

i
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Employment History

Sun Yat-sen University

Postdoctoral Associate

* Mentors: Prof. Wei
Wang (Dean of IFCEN),
Assoc. Prof. Yuehuan
Wei

Report: Extraction of
fissile 1sotope
antineutrino spectra
using feedforward
neural network

* Experiments: JUNO &
NEREUS

A

A

Application

CCAST

Postdoctoral Associate
for JUNO

Mentor: Prof. Guofu
Cao

2010.09 - 2014.07

2016.08-2022.06

2022.11-Current

Future
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Achievement statistics

SIRIRE. Google Scholar
Eit 2020 FES
51 1804 1737
h $85 22 22
10 52 28 28
Paper count: 44 500

375

250

I 125
_al .

2018 2019 2020 2021 2022 2023 2024 2025

GPA~4.0, Top 1
National Graduate

First, co-first, co-corresponding
authors: 8 papers.

Student Scholarship : 

1924-2024

LR R PR
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HEHRAEERKLSFE
RAEBIE A

Published | Submitted Tnner
reviewing
First author 2 0 1
Co-first author 1 0 0
Co-corresponding
author 1 2 1
1 J

Including JHEP, NST, AM, Laser &

National First

Chen-Ning Yang
Physics (award)
Scholarship

Photonics Reviews, all are JCR-SCI Q1. Prize in CPMCM

First completer: 7 7

* 2 invention patents; ?m" P
. . . OF ACHIEVEMENT )

* 17 software registration certificates; ]mm@ e

* 1 artwork registration certificate. e

In the HUNT Logo Design Competition

Fx @R
PEFRE LR RIIAE
"ﬂé??*f" ﬁftﬁn¢@§)fﬁiﬁl$i§*§§§

RIZUEH

HlAE EfR FF
Rk ERIT BHERPERRERFRUER

The designer of
HUNT’s logo and
the proposer of

TAQO’s name.
5
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Fund statistics

1924-2024

Postdoctoral Science Foundation, ¥ 80k, chair

Name of Funding Organization: China Postdoctoral Science Foundation
Grant Number: 2024M753715

Title: Research on the application of deep learning in neutrino mass ordering determination in the JUNO experi-

ment
Status: Ongoing

Fundamental Research Funds for the Central Universities, ¥ 51.3k, chair
Name of Funding Organization: Sun Yat-sen University (Funding source: Ministry of Education)

Grant Number: 24qnpy125

2024.07-2026.12 ,
During my postdoctoral tenure,

I chaired two grant projects with a
total amount of 131.3K yuans

(13.135).

2024.07-2024.12

Title: Research on event reconstruction in the TAO experiment
Status: Ongoing

During my graduate studies, I participated in

three grant projects as a key personnel with a
total amount of 12.065 million yuans (1206.5 7).

Strategic Priority Research Program of the Chinese Academy of Sciences, ¥ 11.245 millions, key
personnel 2017.01-2023.12
Name of Funding Organization: Chinese Academy of Sciences

Grant Number: XDA10011102

Title: Photomultiplier tube test

Status: Completion

Youth Program of NSFC, ¥ 240k, key personnel

Name of Funding Organization: National Natural Science Foundation of China
Grant Number: 11905299

Title: Research on new physics with the JUNO experiment

Status: Completion

2022.01-2022.12

General Program of NSFC, ¥ 580k, key personnel 2017.01-2020.12

Name of Funding Organization: National Natural Science Foundation of China
Grant Number: 11675273

Title: Study on quantum decoherence effects in reactor neutrino oscillations
Status: Completion

LR R PR
100th ANNIVERSARY
SUN YAT-SEN UNIVERSITY
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Work achievements
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Database system for managing
20,000 20-inch PMTs at JUNO

PMT tracking subsystem

Toolbox subsystem

/ Vendor data / : i | Vendor subsystem
/ Registration data / : i I Registration subsystem
/ Visual inspection data / : : I Visual inspection expert subsystem
/ Container testing data / : i I Ci testing expert
/ Scanning station / > I etaton exyert
testing data
/ Potting data / I Potting expert
|
I

[}
[}
[}
[}
{ Storage positiondata | |
[}
1
[}
[}
1
}

-

Temperature & / .
humidity data .

[ Temperature
| monitoring subsystem

_________ L S GUI
User data /—'I User management subsystem

Damping signatures at JUNO

Damping type Phenomenological limits (experiment: original results, CL [Ref]) Exclusion sensitivities

Parameter [units] {Experimental limits (experi iginal results, CL [Ref])} for JUNO (CL)

QDI < 1.62 x 10° (MINOS+T2K+reactor: a < 3.2 x 10-2* GeV?, 90% [33]) < 3.72 (90%)

a [x1076 M) < 0.41 (solar+KL: a < 0.81 x 10~ GeV?, 95% [20]) < 4.42 (95%)

< 3.45 (KL: 6.8 x 10722 GeV, 95% [40])
QD I < 0.33 (MINOS+T2K-reactor: a < 6.5 x 1072* GeV, 90% [33]) < 0.80 (90%)
a [x1f) < 0.18 (SK: a < 3.5 x 102 GeV, 90% [35]) < 0.95 (95%)

< 3.40 x 1073 (solar+KL: a < 0.67 x 10721 GeV, 95% [20])

< 2.38 x 10~ 3(solar+KL: a < 0.47 x 10720 GeV~1, 95% [20])
QD 11 < 1.22 (90%)
< 1.42 x 1075 (MINOS+T2K-+treactor: o < 2.8 x 102* GeV 1, 90% [33])
por 1.46 (95%)

o [x i) . - < 5%,
< 4.56 x 1070 (SK: a < 0.9 x 1027 GeV~', 90% [35])

< 7.60 (KL: o < 1.5 x 107%%, 95% [40])

Absorption < 1.04 (90%)
. < 0.10 (SK: a < 2.0 x 10-2L, 90% [35])
o [x %) < 1.23 (95%)

<294 x 1073 (solar+KL: a < 0.58 x 10~22, 95% (20])

< 256.50 (OPERA: 7% > 1.3 x 107 3, 90% [43])

Structure and data flow

Highlights:

B The first database system for large-scale
PMT testing and self-developed.

B Reducing human resources & improving
testing efficiency;

B Smoothly serving over 7 years.

vs decay ) < 0.44 (90%)
. < 2214 (NOy, e 15 % 1072 3, 90% [17]) 053 (95%)
a="™ < 0. o,
= <0.36 ($KTR os| . 99% [41
. ( MBS 5. 00 1) o5 ooy
{< 1588 (MINOS: = > 2.1 x 10-12 %, 90% [15)}
WPD I
- < 116,4¢ (RENRG DX B: g % 1.02 x 10~4 nm, 90% [24]) <0.18 (90%)
= (4v20,)"
A WSy ¥ B T4 ' I Y-S .
[x1073MeV?]
WPD IT
< 0.1 (95%)
o [x1071]
. T~22-ti
g B] B % 22])} < 1.04 (95%;
@ =0y [x102] —t ‘I‘m“es D (95%)
0p = (2aE)!
{>10"! (DYB: o, > 10~* nm, 95% [22])} > 2.32 (95%)
[x10* nm)]

Sensitivity results

Highlights:

B Revealed the advantages of JUNO in
measuring v3 decay and WPD effects.

B Revealed JUNO's ability to distinguish
between eight types of damping effects.

Extraction of fissile isotope v,
spectra using machine learning

30
& 4+ 35y 105 235y 10555
:
3 25} + 2°Pu
= . 1.00
o e N ]
L 20 Padacs =100 F o~ 5
s - & &
@ - —-- Short-epach strategy 0.95
& 15 e, T ~—- Long-epoch strategy
N'E 10 - 4+ - — ¥ minimization method

-+ -+ -

S - e OIS e T e 910 SIS e T e 0 10
gx 5 < R E, [MeV] E, [MeV]
1 - he
S el 105 LS
= 0 . \ . . et

115¢ i
& o gy o M
< 5 1.00F = <~y 5 1.00f =
E mo----WMMW%WW o A
1
&

857 L L L L L L L

2 3 4 5 6 7 8 R T I B R B R I T S B B SRR A RIS
Energy (MeV) Ey [MeV] E, [MeV]

Relative errors

Highlights:

B Developed two neural network models,
both are white-box models with
interpretability.

M Better than the x? analysis method.

B All relative errors <1%.

First author
NUCL SCI TECH 33, 24 (2022)
2 invention patents
12 software registration certificates.

First author
JHEP 06 (2022) 062
Selected as a collaboration paper.

Co-first author, NUCL SCI
TECH 34, 79 (2023)

Co-corresponding author, accepted
by NUCL SCI TECH at Dec. 2024. 7
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Determination of the neutrino mass Reactor monitoring with mobile R&D and and testing of new
ordering with machine learning NEREUS antineutrino detector scintillator materials

mm Misidentified by the x? analysis method

16 mm Misidentified by our CNN model

g 14
i e e N I
'g 10 ; PEA,PbBr‘:LiW A‘w Back scattered peak
g E :j PR, f BZAPBr, [ 8.0% S 4w
s ° S F Preliminary prm e f—— <.
g 6 o < >3 oy l 10.9% 2
é 4 i3 PEA;T\:B:;;? - 15.9% 5200
2 ° 200 400 600 800 1000 1200 14‘00 1074 4 * - ~ - o PEA;PbBr, 2L7% 100
0 pistance {ml * T e, * 0 5 10 15 20 25 o M. N
262 -254 -2.46 -2382.32 240 248 256 2.64 Energy resolution (%) 0 1002001300 400 500600 700 800 900
Am3Z, [x 1073 eV?] Mai It
Misidentification ain resutts Main results
A rate distribution
Highlights:
B The first to use machine learning to identify R _—
: . Highlights: Highlights:
the neutrino mass ordering. ) ) o .
: : : B A mobile neutrino detector for reactor B Achieving the best energy resolution in
B The accuracies are higher than the 2 analysis - . "
1 o 0 monitoring. current 2D perovskite scintillators.
method within the [2.0%, 4.0%] energy .
: . .. B Demonstrates unprecedented separation of
resolution range during generalization and
the photopeak and escape peak.
robustness tests.
First author Co-corresponding author Co-corresponding author
JUNO inner reviewing, DocDB # 7428 Team inner reviewing Two papers were submitted to AM and LPR,
respectively.
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Future research plans ‘ - 19242024

Atmospheric neutrino phenomenology & data analysis at JUNO

I I
I . I
Completed | Ongoing : Future
I I
I I
Osc. Flux Interaction Reconstructed : : : .
Honda Flux > —> > > x2analysis > Analysis and discussion
(NO) event rates event rates : |
l g 10’?;'“ I I
: R I I
3 R ] 10- | |
juno-ally-20-01-solmin.d N i I
b 03 0 05 ! \og{ f(’EV/GeV) I I
Response I 1
Atmospheric neutrino source CFQSS Matrixes I I
sections | |
Tt —ut+v . B
IJ ‘ Cross Section o Ene_r: e | PID Category I I
et +v +V $of i & ] mearin I I
eT Vu 0 At “\_smearing | ~ SMcanng | |
n_ — “— + “ '::’ .‘ ;}"’ ; Confusion Matrix I I
e . .
€ +VtVy
| |
0.1 02 0304 1 2 3 4 5678910 Energ)?l()sev) I I
JUNO DOCDB #12760-V3 V3.4.2 G18_10a_02_11b.xml | | 9

JUNO-docDB-11086
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Future research plans

Atmospheric neutrino phenomenology & data analysis at JUNO

Joint anaylsis Schedule
Our team currently consists me (left), two PhD students Me
from SYSU, Yifei Pan (middle) and Jing Chen (right). Before 2028
Neutrinos decay
// """" | s Yifei Pan
— ~ / Before 2026
Earth Tomogragh
Jing Chen
Before 2026
- 10



https://www.nature.com/articles/s41567-018-0319-1
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Thanks for your attention!
Questions & Comments
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(1) DI [239-245] exp(—aL/E?) MeV?
Q

) DII [106, 239-252] exp(-aL) MeV
Q

3) DII  [1, 106, 239-247, 249-251] exp(—aLE?) MeV-!
Q

(4) | Absorption [1,239-244, 248] exp(—aLE) I

(5) | v;decay [160, 253-258] {exp(-ai), exp(-at)} (s/eV)

6) | WPDI [l,101-103, 165, 259-261] exp(-am";;f - MeV?

(Am?%)*L?
(7 | wep [1,172,262] exp -7 %
(8) WPD III [37, 172, 263-265] exp(-R—-iX) I

1 1
exp(—R—iX) = exp {— [ Zln(l + i) + Ay + 1y | i [5 tan™ (yy) — Aij}’iil }
Y . (4-3)
= (—1 n yﬁ) exp( /11]) GXP( —tan l(}’u)) exp(il"llyll) CXp( n“)

\/ZAmZL Am’L | Amf
— ij 1 — -1
ﬁ@.m /111 z » Xij = Orels Vij = Urel s Myj= 2 (40relEZ) ﬂ] Orel = (20 E)”
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|<v;lvi(z.t)> 2

I=H>0n

Eur.Phys.J.C 76 (2016) 6, 310
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Earth tomograghy

Outer core / Inner core /

Experiment/Paper Core

- N
[
——

Primary methods

Compatible with the seismological
model (PREM) within the 68% to
95% confidence interval

IceCube (2018)

10% to 20% error level

1(12%~40%)

+(6%~20%) (optimal-worst case)
e (optimal-worst case) Inadequate resolution of the inner
core
Upper/lower mantle : Core : ~9%

DUNE (2022)

~14%/22% (400 kton-year )

The mantle can be somewhat
distinguished, but not as prominently
as the core along “core-crossing

10% (1o)

supernova neutrinos(2023) requires 10 kpc SN

paths” a favorable direction
+(10%~30%) 10 years
1(10%~20%) (optimal-worst case)

Hyper-K (2024)

(optimal-worst case) subdividing the inner core

becomes difficult

Core/mantle distinguishable at the

core resolution is approximately

TeV~PeV atmospheric neutrino 'absorption
effect ;
First measurement of Earth's mass using
neutrinos;

GeV-scale oscillation matter effects ;
After 10 years of observation.

0.1~10 GeV atmospheric neutrinos ;

If only 60 kton-year exposure is available, the

core uncertainty increases to around 30%.

Short-term observations of supernova
explosions ;
Differentiating chemical composition is even
more challenging

atmospheric neutrino oscillations ;
a cumulative data period of 10-20 years,
combined with mass constraints.

15
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https://doi.org/10.1038/s41567-018-0319-1
https://doi.org/10.1140/epjc/s10052-022-10399-6
https://doi.org/10.1140/epjc/s10052-022-10399-6
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.083011
https://arxiv.org/abs/2411.12344

v3 decay

Experiment
[reactor neutrino-RN

atmospheric neutrino-AN
accelerator neutrino-ACN]

Upper limits(90% CL)
[10-%eV?]

Lower limits(90% CL)
[ps/eV]
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Reference

KM3NeT/ORCA (3 yr) [AN]

KM3NeT/ORCA (10 yr) [AN]

T2K, NOVA [ACN]

T2K, MINOS [ACN]

K2K, MINOS, SK I+II [AN]

MOMENT (10 yr) [ACN]

ESSnuSB (5v + 57) yr [ACN]

DUNE (5v + 57) yr [ACN]

JUNO (5 yr) [RN]

INO-ICAL (10 yr) [AN]

5.7

3.7

290

240

23

24

16-13

13

4.4

120

180

23

2.8

290

28

42-50

51

93

151

Journal of High Energy Physics, 2023,
2023(4): 1-30.

Journal of High Energy Physics, 2023,
2023(4): 1-30.

Journal of High Energy Physics, 2018,
2018(8): 1-15.

Physics Letters B, 2015, 740: 345-352.

Physics Letters B, 2008, 663(5): 405-
409.

Journal of High Energy Physics, 2019,
2019(4): 1-19.

Journal of High Energy Physics, 2021,
2021(5): 1-23.

Journal of Physics G: Nuclear and
Particle Physics, 2021, 48(5): 055004.
Journal of High Energy Physics, 2015,

2015(11): 1-25.

Physical Review D, 2018, 97(3):
033005.
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