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Fig. 1. Detector configuration. (Left) Side surface PMT dis-
tribution; (Right) End-cap PMT distribution.
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Fig. 2. Display for one single neutrino event. The red lines
denote the Cerenkov light.
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Fig. 3. Schematic diagram of Hough transform method. (a) The conversion result of a single PMT signal; (b) The probability circle

accumulation of all PMT signals; (c) The final result under continuous probability distribution.
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Fig. 4. IBD simulation primary event diagram: (a) positron energy spectrum; (b) Neutron energy spectrum; (c) Neutron capture

time distribution.
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Fig. 6. Results of the reconstruction of 7. + e~ elastic scattering: (a) Distribution of angles between the reconstructed direction

and the true direction; (b) The mean (cosa) varies with energy; (c) Vertex reconstruction average displacement AR (cm).
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Table 1. Table of Identification Results for Vari-

ous Cases.
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Fig. 8. Variation diagram of selection conditions under dif-

ferent 7, values.
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Fig. 9. Distribution of PMT for IBD signal ignition after Gd doping: (a) PMT multiplicity distribution; (b) Selection efficiency

curve; (c) Optimize function curve.
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Table 2.

Identification results table of IBD cases with Gd doping.
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Fig. 11. Probability distribution function of the pairwise
correlation angles of neutrino events. The red line in the fig-
ure represents the theoretical distribution calculated for
background event pairs.
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Fig. 12. Result graph of correlation optimization method:
The blue area represents the 99% confidence interval of the
original method, and the black asterisk represents the op-

timized result.
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Fig. 13. Reactor Neutrino Energy Spectrum: The black line

represents the IBD reaction pathway, and the blue line rep-
resents the elastic scattering reaction pathway.
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flight direction; (b) Directional error distribution.

-11


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 13 (2026)

(S EHE) 8977 5 LRI AT . 1% SO i1 g
FITAb AR B R, AT AT T3 85 U 10 m,
PR S S TS 2 K [BRA AAR 00 45 AA R, f  M)
140 cm f 8 B~ OGRS H AT BT 5. 3
AR T -~ SRPEHICH ROV AN IBD KV 7+
p— et +n, JFaz R FR2E LA A AR
TR TR S AT 1. O T AR IBD S %t
J7 R EA T, FA 1L TR 1l i ) 27 1A
BAE5 1 IBD %550 2t XS BT,
REAZSCBL IBD WA, EAh, AR HSME
TNERBFEE Gd KIYIT 5, 207 R [FIFERERE XS
AR IBD RS R, [Fy, IBD Sl n]
LIBSNH TR, IR IR IR b A 2 PF. e
SR —E B P T FF U R RS R D, 3
(RE N R LU AP S ELEVSPS IS oS A i
Wt LU A SR, BRI IR 223 1 SRR A 3 T
3, G 2K 3 [ 5 R0 B 7 ok i 5 B P40 A Bk
Bodi > T 1/6. ARSI T SO HES 5 HITEAEA
JRSGIFRZ )5, WIBIE T 7RG R B R 1
PR AT ATHY, 100 PRI B AT £ 1 km 22
1 GW Hile IR, RS bri R, AR e EL A
FOHOR R AN R A EOR , SR LA A
SRk, AL S 10 kam A9 RETIR
SE LS5

S 3k

(1]
(2]

Zhou Y, Si D W, Xiao S et al. Nucl. Sci. Tech. [in press]
Fukuda Y, Kobayashi K, Sakamoto Y et al 1998 Phys. Rev.
Lett. 81 1158

Ahmad Q R et al 2002 Phys. Rev. Lett. 89 011301

Chen W, Ma L, Chen J H et al 2023 Nucl. Sci. Tech. 34 135
Furuta H, Hirabayashi T, Yamaguchi Y et al 2012 Nucl
Instrum. Methods A 662 90

Ashenfelter J, Sweeney D, Green M et al 2019 Nucl. Instrum.
Methods A 922 287

Consolati G, Bertin A, Lanza M et al 2015 Nucl. Instrum.
Methods A 795 364

Battaglieri M, Lippi F, Rossetti G et al 2010 Nucl. Instrum.
Methods A 617 209

Bowden N S, Smith J, Johnson A et al 2007 Nucl. Instrum.
Methods A 572 985

Classen T, Miiller J, Schmidt K et al 2015 Nucl. Instrum.
Methods A 771 139

Kandemir M, Cakir A. 2020 Nucl. Instrum. Methods A 953
163251

Liao M H, Huang K K, Zhang Y M et al 2025 Nucl. Sci.
Tech. 36 39

Zeng Y D, Wang J, Zhao R et al 2023 Nucl. Sci. Tech. 34 79
An F P, Zhang X, Liu Y et al 2012 Phys. Rev. Lett. 108
171803

3
]
5
0
7
g
9

[10]

11]

12]

13]
[14]

-12

(15]
[16]
(17]
(18]
(19]

20]
(21]

[22]

23]
(24]

[25]
[26]

(36]

[30]
[40]
fa1]
[42]
[43]
f44]
j45]
[46]

[47]
(48]

[49]
[50]

Cao J. 2013 Nucl. Instrum. Methods A 732 9

Fengpeng An et al 2025 Chinese Phys. Lett. 42 110102

Wang G J, Song X K, Ye L, Wang D. 2025 Acta Phys. Sin.
74 070301 (in Chinese) [TOLA, SRR, MM, 45 2025 Py
24 74 070301

Allega A, Anderson M R, Andringa S. 2023 Phys. Rev. Lett.
130 091801

Hellfeld D, Miiller J, Schmidt A et al 2017 Nucl. Instrum.
Methods A 841 130

SiD W, Zhou Y, Xiao S et al 2024 Nucl. Sci. Tech. 35 24
Kasuga S, Hayakawa T, Joukou S et al 1996 Phys. Lett. B
379 241

Clark K, Smith M, Johnson A et al 2012 Nucl. Phys. B -
Proc. Suppl. 233 123

Ye Z P, Liu Y, Zhang X et al 2023 Nat. Astron. 7 1497
Ageron M, Martin J J, Charpak P D et al 2011 Nucl.
Instrum. Methods A 656 11

Sestayo Y. 2011 Nucl. Instrum. Methods A 626-627 S196
Avrorin A, Shabelski A, Karpov N S et al 2011 Nucl.
Instrum. Methods A 626-627 S13

Katz U F. 2011 Nucl. Instrum. Methods A 626-627 S57
Brunner J. 2011 Nucl. Instrum. Methods A 626-627 S19
Lahmann R. 2013 Nucl. Instrum. Methods A 725 32
Riccobene G. 2009 Nucl. Instrum. Methods A 604 266

The Water Cherenkov Simulator (WCSim). Repository:
https://github.com/WCSim.

Hellfeld D, Bernstein A, Dazeley S et al 2017 Nucl. Instrum.
Methods A 847 104

Ball A E, Braem A, Camilleri L et al 2007 Eur. Phys. J. C' 50
267

Caravaca J, Descamps F B, Land B J et al 2017 Phys. Rev. C
95 055801

Blondel A, Campanelli M, Fechner M. 2003 J. Phys. G: Nucl.
Part. Phys. 29 370

Zhang S Y, Huang Y B, He M et al 2025 Nucl. Sci. Tech. 36
84

Shiozawa M. 1999 Nucl. Instrum. Methods A 433 240

Davies E R 2005 Machine Vision:
Practicalities 3 rd ed (Amsterdam: Morgan Kaufmann) p315-
337

Cozza D, Di Bari D, Di Mauro A et al 2002 Nucl. Instrum.
Methods A 485 700

Alexopoulos T, Iakovidis G, Leontsinis S et al 2014 Nucl.
Instrum. Methods A 749 28

Twogood R E, Sommer F G. 1982 IEEE Trans. Nucl. Sci. 29
1275

Seo J H, Atif Z, Shin C D, Joo K K. 2020 Nucl. Instrum.
Methods A969 164001

Mulmule D, Behera S P, Netrakanti P K et al 2018 Nucl.
Instrum. Methods A 911 104

Abe S, Asami S; Eizuka M et al 2022 Nucl. Instrum. Methods
A 143 102758

Giunti C, Kim C W 2007 Fundamentals of Neutrino Physics
and Astrophysics (Oxford: University Press) p140-142, 434

Bé M; Chisté V, Dulieu C et al 2010 Table of Radionuclides
(Vol. 5-A = 22to 244) (Sevres: Bureau International des
Poids et Mesures) p7—12

Bacon M P, Anderson R F. 1986 Earth Planet. Sci. Lett. 77 1
Bé M, Chisté V, Dulieu C et al 2010 Table of Radionuclides
(Vol. 2-A = 152to 242) (Sévres: Bureau International des
Poids et Mesures) pl147-154

Bacon M P. 1977 Deep-Sea Res. 24 985

Bé M, Chisté V, Dulieu C et al 2010 Table of Radionuclides

Theory, Algorithms,


https://doi.org/10.1103/PhysRevLett.81.1158
https://doi.org/10.1103/PhysRevLett.81.1158
https://doi.org/10.1103/PhysRevLett.81.1158
https://doi.org/10.1103/PhysRevLett.81.1158
https://doi.org/10.1103/PhysRevLett.81.1158
https://doi.org/10.1103/PhysRevLett.81.1158
https://doi.org/10.1103/PhysRevLett.81.1158
https://doi.org/10.1103/PhysRevLett.81.1158
https://doi.org/10.1103/PhysRevLett.89.011301
https://doi.org/10.1103/PhysRevLett.89.011301
https://doi.org/10.1103/PhysRevLett.89.011301
https://doi.org/10.1103/PhysRevLett.89.011301
https://doi.org/10.1103/PhysRevLett.89.011301
https://doi.org/10.1103/PhysRevLett.89.011301
https://doi.org/10.1103/PhysRevLett.89.011301
https://doi.org/10.1007/s41365-023-01299-9
https://doi.org/10.1007/s41365-023-01299-9
https://doi.org/10.1007/s41365-023-01299-9
https://doi.org/10.1007/s41365-023-01299-9
https://doi.org/10.1007/s41365-023-01299-9
https://doi.org/10.1007/s41365-023-01299-9
https://doi.org/10.1007/s41365-023-01299-9
https://doi.org/10.1016/j.nima.2011.09.045
https://doi.org/10.1016/j.nima.2011.09.045
https://doi.org/10.1016/j.nima.2011.09.045
https://doi.org/10.1016/j.nima.2011.09.045
https://doi.org/10.1016/j.nima.2011.09.045
https://doi.org/10.1016/j.nima.2011.09.045
https://doi.org/10.1016/j.nima.2011.09.045
https://doi.org/10.1016/j.nima.2011.09.045
https://doi.org/10.1016/j.nima.2018.12.079
https://doi.org/10.1016/j.nima.2018.12.079
https://doi.org/10.1016/j.nima.2018.12.079
https://doi.org/10.1016/j.nima.2018.12.079
https://doi.org/10.1016/j.nima.2018.12.079
https://doi.org/10.1016/j.nima.2018.12.079
https://doi.org/10.1016/j.nima.2018.12.079
https://doi.org/10.1016/j.nima.2018.12.079
https://doi.org/10.1016/j.nima.2015.06.021
https://doi.org/10.1016/j.nima.2015.06.021
https://doi.org/10.1016/j.nima.2015.06.021
https://doi.org/10.1016/j.nima.2015.06.021
https://doi.org/10.1016/j.nima.2015.06.021
https://doi.org/10.1016/j.nima.2015.06.021
https://doi.org/10.1016/j.nima.2015.06.021
https://doi.org/10.1016/j.nima.2015.06.021
https://doi.org/10.1016/j.nima.2009.09.031
https://doi.org/10.1016/j.nima.2009.09.031
https://doi.org/10.1016/j.nima.2009.09.031
https://doi.org/10.1016/j.nima.2009.09.031
https://doi.org/10.1016/j.nima.2009.09.031
https://doi.org/10.1016/j.nima.2009.09.031
https://doi.org/10.1016/j.nima.2009.09.031
https://doi.org/10.1016/j.nima.2009.09.031
https://doi.org/10.1016/j.nima.2006.12.015
https://doi.org/10.1016/j.nima.2006.12.015
https://doi.org/10.1016/j.nima.2006.12.015
https://doi.org/10.1016/j.nima.2006.12.015
https://doi.org/10.1016/j.nima.2006.12.015
https://doi.org/10.1016/j.nima.2006.12.015
https://doi.org/10.1016/j.nima.2006.12.015
https://doi.org/10.1016/j.nima.2006.12.015
https://doi.org/10.1016/j.nima.2014.10.022
https://doi.org/10.1016/j.nima.2014.10.022
https://doi.org/10.1016/j.nima.2014.10.022
https://doi.org/10.1016/j.nima.2014.10.022
https://doi.org/10.1016/j.nima.2014.10.022
https://doi.org/10.1016/j.nima.2014.10.022
https://doi.org/10.1016/j.nima.2014.10.022
https://doi.org/10.1016/j.nima.2014.10.022
https://doi.org/10.1016/j.nima.2019.163251
https://doi.org/10.1016/j.nima.2019.163251
https://doi.org/10.1016/j.nima.2019.163251
https://doi.org/10.1016/j.nima.2019.163251
https://doi.org/10.1016/j.nima.2019.163251
https://doi.org/10.1016/j.nima.2019.163251
https://doi.org/10.1007/s41365-024-01604-0
https://doi.org/10.1007/s41365-024-01604-0
https://doi.org/10.1007/s41365-024-01604-0
https://doi.org/10.1007/s41365-024-01604-0
https://doi.org/10.1007/s41365-024-01604-0
https://doi.org/10.1007/s41365-024-01604-0
https://doi.org/10.1007/s41365-024-01604-0
https://doi.org/10.1007/s41365-024-01604-0
https://doi.org/10.1007/s41365-023-01229-9
https://doi.org/10.1007/s41365-023-01229-9
https://doi.org/10.1007/s41365-023-01229-9
https://doi.org/10.1007/s41365-023-01229-9
https://doi.org/10.1007/s41365-023-01229-9
https://doi.org/10.1007/s41365-023-01229-9
https://doi.org/10.1007/s41365-023-01229-9
https://doi.org/10.1103/PhysRevLett.108.171803
https://doi.org/10.1103/PhysRevLett.108.171803
https://doi.org/10.1103/PhysRevLett.108.171803
https://doi.org/10.1103/PhysRevLett.108.171803
https://doi.org/10.1103/PhysRevLett.108.171803
https://doi.org/10.1103/PhysRevLett.108.171803
https://doi.org/10.1016/j.nima.2013.05.076
https://doi.org/10.1016/j.nima.2013.05.076
https://doi.org/10.1016/j.nima.2013.05.076
https://doi.org/10.1016/j.nima.2013.05.076
https://doi.org/10.1016/j.nima.2013.05.076
https://doi.org/10.1016/j.nima.2013.05.076
https://doi.org/10.1016/j.nima.2013.05.076
https://doi.org/10.1088/0256-307X/42/11/110102
https://doi.org/10.1088/0256-307X/42/11/110102
https://doi.org/10.1088/0256-307X/42/11/110102
https://doi.org/10.1088/0256-307X/42/11/110102
https://doi.org/10.1088/0256-307X/42/11/110102
https://doi.org/10.1088/0256-307X/42/11/110102
https://doi.org/10.1088/0256-307X/42/11/110102
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.7498/aps.74.20250029
https://doi.org/10.1103/PhysRevLett.130.091801
https://doi.org/10.1103/PhysRevLett.130.091801
https://doi.org/10.1103/PhysRevLett.130.091801
https://doi.org/10.1103/PhysRevLett.130.091801
https://doi.org/10.1103/PhysRevLett.130.091801
https://doi.org/10.1103/PhysRevLett.130.091801
https://doi.org/10.1016/j.nima.2016.10.027
https://doi.org/10.1016/j.nima.2016.10.027
https://doi.org/10.1016/j.nima.2016.10.027
https://doi.org/10.1016/j.nima.2016.10.027
https://doi.org/10.1016/j.nima.2016.10.027
https://doi.org/10.1016/j.nima.2016.10.027
https://doi.org/10.1016/j.nima.2016.10.027
https://doi.org/10.1016/j.nima.2016.10.027
https://doi.org/10.1007/s41365-024-01368-7
https://doi.org/10.1007/s41365-024-01368-7
https://doi.org/10.1007/s41365-024-01368-7
https://doi.org/10.1007/s41365-024-01368-7
https://doi.org/10.1007/s41365-024-01368-7
https://doi.org/10.1007/s41365-024-01368-7
https://doi.org/10.1007/s41365-024-01368-7
https://doi.org/10.1038/s41550-023-02087-6
https://doi.org/10.1038/s41550-023-02087-6
https://doi.org/10.1038/s41550-023-02087-6
https://doi.org/10.1038/s41550-023-02087-6
https://doi.org/10.1038/s41550-023-02087-6
https://doi.org/10.1038/s41550-023-02087-6
https://doi.org/10.1038/s41550-023-02087-6
https://doi.org/10.1016/j.nima.2011.06.103
https://doi.org/10.1016/j.nima.2011.06.103
https://doi.org/10.1016/j.nima.2011.06.103
https://doi.org/10.1016/j.nima.2011.06.103
https://doi.org/10.1016/j.nima.2011.06.103
https://doi.org/10.1016/j.nima.2011.06.103
https://doi.org/10.1016/j.nima.2011.06.103
https://doi.org/10.1016/j.nima.2011.06.103
https://doi.org/10.1016/j.nima.2012.12.107
https://doi.org/10.1016/j.nima.2012.12.107
https://doi.org/10.1016/j.nima.2012.12.107
https://doi.org/10.1016/j.nima.2012.12.107
https://doi.org/10.1016/j.nima.2012.12.107
https://doi.org/10.1016/j.nima.2012.12.107
https://doi.org/10.1016/j.nima.2012.12.107
https://github.com/WCSim
https://doi.org/10.1016/j.nima.2016.11.049
https://doi.org/10.1016/j.nima.2016.11.049
https://doi.org/10.1016/j.nima.2016.11.049
https://doi.org/10.1016/j.nima.2016.11.049
https://doi.org/10.1016/j.nima.2016.11.049
https://doi.org/10.1016/j.nima.2016.11.049
https://doi.org/10.1016/j.nima.2016.11.049
https://doi.org/10.1016/j.nima.2016.11.049
https://doi.org/10.1103/PhysRevC.95.055801
https://doi.org/10.1103/PhysRevC.95.055801
https://doi.org/10.1103/PhysRevC.95.055801
https://doi.org/10.1103/PhysRevC.95.055801
https://doi.org/10.1103/PhysRevC.95.055801
https://doi.org/10.1103/PhysRevC.95.055801
https://doi.org/10.1007/s41365-025-01678-4
https://doi.org/10.1007/s41365-025-01678-4
https://doi.org/10.1007/s41365-025-01678-4
https://doi.org/10.1007/s41365-025-01678-4
https://doi.org/10.1007/s41365-025-01678-4
https://doi.org/10.1007/s41365-025-01678-4
https://doi.org/10.1016/S0168-9002(99)00359-9
https://doi.org/10.1016/S0168-9002(99)00359-9
https://doi.org/10.1016/S0168-9002(99)00359-9
https://doi.org/10.1016/S0168-9002(99)00359-9
https://doi.org/10.1016/S0168-9002(99)00359-9
https://doi.org/10.1016/S0168-9002(99)00359-9
https://doi.org/10.1016/S0168-9002(99)00359-9
https://doi.org/10.1016/j.nima.2020.164001
https://doi.org/10.1016/j.nima.2020.164001
https://doi.org/10.1016/j.nima.2020.164001
https://doi.org/10.1016/j.nima.2020.164001
https://doi.org/10.1016/j.nima.2020.164001
https://doi.org/10.1016/j.nima.2020.164001
https://doi.org/10.1016/j.nima.2020.164001
https://doi.org/10.1016/j.nima.2020.164001
https://doi.org/10.1016/j.nima.2018.10.026
https://doi.org/10.1016/j.nima.2018.10.026
https://doi.org/10.1016/j.nima.2018.10.026
https://doi.org/10.1016/j.nima.2018.10.026
https://doi.org/10.1016/j.nima.2018.10.026
https://doi.org/10.1016/j.nima.2018.10.026
https://doi.org/10.1016/j.nima.2018.10.026
https://doi.org/10.1016/j.nima.2018.10.026
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 13 (2026)

(Vol. 4-A = 133 to 252) (Sévres: Bureau International des [61] Eguchi K, Enomoto S, Furuno K et al 2003 Phys. Rev. Lett.
Poids et Mesures) p83-110 90 021802

Simulation study on the directionality and detection of
deep-sea antineutrino sources”
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Abstract

This study presents a comprehensive simulation-based investigation into the detection and directional
localization of reactor antineutrinos ( 7. ) in deep-sea environments using a water Cherenkov detector. The work
addresses the significant challenges posed by the low energy of reactor antineutrinos (2-10 MeV), their tiny
weak-interaction cross-sections, and the presence of intense natural radioactivity in seawater. A cylindrical
detector (10 m diameter x 10 m height) filled with pure or gadolinium-doped water and instrumented with 8-
inch photomultiplier tubes (PMTs) spaced 40 cm apart is modeled within the WCSim/Geant4 framework. The
simulation fully reconstructs both elastic scattering (7.e™ ) and inverse-beta-decay (IBD, w.p — eTn) events,
accounting for Cherenkov-photon production, propagation, and PMT response.

Vertex reconstruction is performed by maximizing a likelihood based on time residuals, while the direction
of the recoil electron is extracted via a Hough-transform technique that identifies the Cherenkov cone axis. To
suppress the dominant IBD background, which lacks directional correlation with the incident neutrino, a
coincidence-based identification strategy is developed: a primary signal satisfying a PMT-multiplicity threshold
( Mpm¢ > 20) is followed by a secondary neutron-capture signal within a 0.5 ms (pure water) or 0.2 ms (Gd-
doped water) window. The neutron-capture signal is discriminated from the ubiquitous “°K background by
applying an optimal PMT-multiplicity cut ( Mpm ~5). With 0.06% natural Gd doping, the IBD identification
efficiency rises to ~72%, nearly doubling that of pure water. Furthermore, a novel correlation-based purification
method is introduced to enhance the signal-to-background ratio during source reconstruction. By pairing events
and assigning positive weights to small-angle pairs (cosine >0.75) and negative weights to large-angle pairs, the
background is effectively suppressed without sacrificing signal statistics, reducing the required number of
detector modules by about one-sixth for the same localization confidence.

Simulation results show that the reconstruction efficiency for reactor-spectrum antineutrinos (2-10 MeV) is
2.65%, with vertex and angular resolutions suitable for directional analysis. Under- realistic seawater-
radioactivity conditions, the expected elastic-scattering rate from a 1 GW reactor at 1 km distance is 0.35
counts/day per module, while the total radioactive background (dominated by 2%T1 and 2'“Bi) amounts to ~5
counts/day per module. With an array of 100 identical modules, the cumulative signal reaches 35 counts/day,
yielding a background-to-signal ratio of 13. Applying the correlation-based purification and Hough-transform
source reconstruction, the array can localize the reactor direction with >90% confidence (angular cosine >0.8)
within one day. The study demonstrates the feasibility of deep-sea water Cherenkov detectors for kilometer-
scale monitoring of reactor antineutrinos and outlines a path toward extending the monitoring range to 10 km

through further optimization of detector parameters and array size.
Keywords: Neutrino, Geant4, direction reconstruction, Hough transform
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