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CSNSᴥ ╟ӾѦḑיִ
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¸CSNSᴦ ︢ӿѧḒ◊(Back-n)χᶂԓ ‍Ḵ ​Ặ╙︢ӿѧḒת

¸ ~χ♬ѧḒת 300MeV ι╙Ặχ~10 7/cm 2/s

¸ѧḒ⁄ᾭὯ╜ χ

Å ᴪἈ

ÅԅἈ ╜

Å Ṿּכ Ḓ֧ṃᴦẔἈ ╜

ÅѧḒ ᴦẔἈ ╜



ᶵῢᴥẓ ≡
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ÅḾ҈ᶶ ⁄ᴦẔљṇἈ ⁄ᴦẔιҽ ή╜ᵸ ҨẦṝ╜

Å ֫ ᶽ ӌ ԏῶ Ḓ ָ ή╜ᵸ￼ד

Åώ֧ᶺּז Ὴ ἮẽḯMTPC(Multi -purpose TPC) ֘Ά⁮

︢ӿѧḒ◊MTPCḫ ṝ



֘⁭אָ
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MTPC

¸ὒ≡ᵷ

Å ‖ ֧― ᶋכּ ↔ḯ ӌ ↔ Ḓḙכּ֧ ᾭὯ ᴨ
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¸ Ẑ‘῾

Å₩Ὁ ẑ⁭‟ ₩Ὁ ẑⱶת₩ᶚ ֫‘ ẑ⁭‟ ᾭὯ ‗

¸Ḫ ᾛ←Ӌ

ÅᾭὯ֫‘Ά│χ└ẻ֫‘ │ Ể ấ │

Åή╜ᵸ╜ Ά│χxṃ ƙ◊ ḞḦ

¸◓ⱣḪ Ӌ

ÅѧḒ⁄ᴦẔ‰֝Ἀ ⁄ⱶׁת⌐ ∂ ԋἈ



ὒ≡ᵷ ῶ
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¸ᶋ ‗ѭᶄӌ‮

¸ ת ᴵ ι Ẕјᵃḫ ∂

Ḓᶭכּ¸ ‗ Micromegasזּ

¸ ֧ ֯ Ԉזּ ẻḸᶤ ‗

¸1519Ѧ ‖padι⅛Ѧpad 64mil ι ‖

ת 68mm



ὒ≡ᵷ ῶ

¸ ‖― 400nm Ṗιᶭז ᴙї￼ ḧớ

¸ ♬ᴙὶἩ ֺӐMicromegas ᶭ ‗@USTCψ

¸ meshᴠᾭχј ѡ Ể49Ƥpᴜẙ58ƤpLPI-400

¸ ꞌ55% ắ30דNψ

¸ ᶭ ᴜẙ433Ƥpιᾟת ‮ Ể1mmι 10mm

¸ ᶎᴙע PCBֺזּ Ӑι 5mm

¸ ֫ᴙּכ ὶPCBιּ҈זᶎᴙעѳ ὶ

¸ כּ ӪὟⱢ Ṧ ᶋẶ⅝200 ιḾẔῳӓּכḒ ꞌ
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₭ᴘ₭
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¸ᴵ ḧ↔ᴙӪε0~5atm ζι ᵙ╙ ט ᴙ

¸█↔ҩᴵ⁞Ὧ╙ ίֺ ⅝јᵃ ֫￼ṪӐ↔ӌ

¸ή╜ᵸ↔ӌ╙

¸ίֺ ‫ὶԄ︢ӿ​ ίֺ ιᴵ ᴙד



֦⸗ḑḘ@USTC

Ḓḙכּ¸ Ѯ ᴠᾭχ

ÅԊ1536 εMTPCӔּ1521ז ζ

Å└ẻ ‾ ꞌχ40MHz

Å ᴧ ‾ Ḵẙχ1024 ‾♇

ÅADCӈᾭχ12bit
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MTPC

Ҳ

╦ ԝ

╦

FPGA

. . .

FPGA

. . .

DCM

FPGA

. . .

FPGA

. . .

TCM
֢

. . .

ꜙ

ᾩ

ᾦװDCM DCM

. . .

PCMM

ADM

PAM

T0

TPC

e

e

e
e

PAM(╦ )
Pre-Amplifier Module

ADM( )
Analog-to-Digital Module

PCMM( )
Power Clock Management Module

DCM( )
Data Concentrator Module

TCM( )
Trigger Clock Module



DAQ Ҭᵘᶇ ᾶ
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ᾎὊᶳⱣ ҬαDAQ –ịβ

Ἠ љᾭὯ╙ ԋ￼ṪӐχ

ᾭὯ￼ὶᾠ ḕӴᵙᶴת

ᶇ ҏ҉ Ҭ

ᵇіώӗּזἋῸחχἚ ᴦ

ᵇїљᾭὯ╙Ḓ ӡỤҽ
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MTPCὒ≡ᵷ



MTPC

¸ὒ≡ᵷ

Å ‖ ֧― ᶋכּ ↔ḯ ӌ ↔ Ḓḙכּ֧ ᾭὯ ᴨ
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¸ Ẑ‘῾

Å₩Ὁ ẑ⁭‟ ₩Ὁ ẑⱶת₩ᶚ ֫‘ ẑ⁭‟ ᾭὯ ‗

¸Ḫ ᾛ←Ӌ

ÅᾭὯ֫‘Ά│χ└ẻ֫‘ │ Ể ấ │

Åή╜ᵸ╜ Ά│χxṃ ƙ◊ ḞḦ

¸◓ⱣḪ Ӌ

ÅѧḒ⁄ᴦẔ‰֝Ἀ ⁄ⱶׁת⌐ ∂ ԋἈ



⁴Ἠ‘῾

¸₩Ὁ ẑ⁭‟ץᵍἍῶ￼ⱶתᵙּכ

Å↔ӌᴠᾭ

ÅѧḒ

Å҆ӕғּוᵸ

Åּכ

ÅּכḒ

ÅּכḒ Ṧ

Åּכ Ἓᾫ

ÅּכḒḙ₩ᶚ

Å ‖ᵙmesh└ẻ

ÅHitљTrigger
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BLUET⁴Ἠ‘῾◓Ᵽ⁴ᶙ-҅ӔҒⱳᵷ

¸Ḿ҈⁄ᴦẔ₩Ẫχ

¸ ἄ⁄ᴦẔוTGenPhaseSpaceּזּ ᴠᾭιᶢ҈℅ẦᴧEventGenerator

¸ ḧִỗ Ḓ⁄ ỗ ḒιὟⱢ Ọ ᶎ֫פṵ  ғּו Ḓ ᴠᾭιⱶת Ὗ╒ҿԑᵺ

2024-8-23 ︢ӿѧḒ◊MTPCḫ ṝ 15



ḑ⸗

¸₩Ὁ ѧệֹ⅛Ѧhit≈ כּ￼ ὫχỞ≈ - כּ ≈

¸G4double edep = step -> GetTotalEnergyDeposit () - step -> GetNonIonizingEnergyDeposit ()

¸⅛Ѧhitғּו￼ Үּכ Ḓᾭὲכּ Ὁ ȾὍ

¸⅛Ѧhit￼ḫ כּ ḒᾭὟⱢᶎӪѭn￼─—֫ṵכּ ӆ  Ἲ‾ệֹὲ ὖὲ

¸Ḿ҈qɏѦּכḒιԜḾ⅛ѦּכḒᴅ꜠ ἛᾫἺ‾ιệֹ⅛ѦּכḒῳ ￼ ӈ ᵙ Ὴ

ὲᴂ
ὲᴂ

ὲᴂὲᴂ
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BLUET⁴Ἠ‘῾◓Ᵽ⁴ᶙ-⸗ḑ ṥ

¸ Ḓ  ▫ εṵΌ ζῊט tѳᵅι Ḓ ᴝ♇￼ Ά

„ Ὀὸ ὈίȾὺ Ὠί

¸₪ᵇἛᾫχ„ Ὠᾀ

¸ ᵇἛᾫχ„ᴂ ϳ„ ὺ ὨᾀȾὺ

¸₪ᵇἛᾫ⁞ὯἛᾫ ᾭ  Ἲ ι ᵇἛᾫ⁞ὯἛᾫ ᾭ

 Ἲ‾Ẋ ѭק Ὴ
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¸⁞Ὧ↔ӌ Ṧת ιᶈӉᶭ їιּכḒᶈ↔ӌѧ￼⅛₭ ᾖ꜠
ј ԋι ѱᴅѦּכḒ￼ Ṧѳᵅ￼ּכḒᾭ ᵀὝᾭ֫ṵχ

ὖὲ Ὡ Ⱦ

¸ ⅛ѦּכḒ Ṧѳᵅ￼ּכḒᾭѭὲι ѭּכḒ Ṧѳᵅ≡ῶ
ẰᾫιᵙᴝִּכḒᶑ‰ ᵃ

¸ ᶭ ῊᴅּכḒᶭ ᵀPolya֫ṵεῥ῾ ζ



⁴Ἠ◓Ᵽ⁴ᶙ- ṕ⸗ Ỵᾌ

¸ Ṧғּכּ￼ו ≈ ᶈ ớ ṖіᵇᵕᶀἛᾫ ṦѧỌ padіѼҺғּוẄẙ ṇׁ⌐ ỹ￼ӡᴺ

כּ¸ Ἓᾫғּו￼ӡᴺᶽṇᵙồỹιᴨ֘҈ ớṖ￼ כּ ᴣ ớṖљpadṖѳ ￼ ᵀּכḳ
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Ɇ כּ Ἓᾫᵒ Ᾱ֫ṵι„ ι Ὴ ᶭזƫɰ ᶽ

”ὼȟώȟὸ
ρ

ς“ὸὙὅ
Ὡὼὴὼ ώ ȾτὸὙὅ



⁴Ἠ◓Ᵽ⁴ᶙ-⸗ḑḘӠᴹᴑ
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¸ Q(t) ӏѬ ԃӠᴹᾩַײᴾ ⸗ Ҽ ֨ᾎσ

¸ׁᾣ Ὄὸ ρȾὅ

Å † Ὑὅιׁᾣ ֫Ὴ Ẃᾭψ †χׁᾣӡᴺі״⌐Ὴ Ẃᾭ

¸‖ Ὄὸ ὸ‏ ρȾ† ρ Ὡ Ⱦ

Å † Ὑὅ

¸ RCּכ Ὄὸ ρȾ†Ὡ Ⱦ

₩Ὁệֹ￼ƙ Ḓ҆ӕᵙ└ẻ



⁴Ἠ‘῾
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֪ῷ Ẑ‘῾
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֪ῷ Ẑꜛ
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¸ ῏UIּף ιּ҈ז ᾭὯ₅‬ᴣ │₅

ᵍχ└ẻṝץ¸ ҆ӕṝ Ể ấ Map₅‬



BLUET⁴Ἠᵘ֪ῷ ẐẒ

¸Ầ◊TPC₩Ὁᵙ֫‘ ẑ⁭‟BLUET

¸https://code.ihep.ac.cn/csns -backn -tpc/bluet -v5
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MTPC

¸ὒ≡ᵷ

Å ‖ ֧― ᶋכּ ↔ḯ ӌ ↔ Ḓḙכּ֧ ᾭὯ ᴨ
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¸ Ẑ‘῾

Å₩Ὁ ẑ⁭‟ ₩Ὁ ẑⱶת₩ᶚ ֫‘ ẑ⁭‟ ᾭὯ ‗

¸Ḫ ᾛ←Ӌ

ÅᾭὯ֫‘Ά│χ└ẻ֫‘ │ Ể ấ │

Åή╜ᵸ╜ Ά│χxṃ ƙ◊ ḞḦ

¸◓ⱣḪ Ӌ

ÅѧḒ⁄ᴦẔ‰֝Ἀ ⁄ⱶׁת⌐ ∂ ԋἈ



w=25ns w=250ns

w=500ns w=1000ns

↓ẺἨᴿ כֿ←

Ḓḙҽכּ¸ ֩ᾭ ᾦ ẪχὪὸ ὄ ὃ Ὡ Ⱦ

¸℅ Ẫῗ ԄӡᴺѭƜ֩ ᾭ￼ ֧ᵠẔ└ẻιјᵃ ẙỂ ￼ᴝḊӡᴺḴẙј ιḫ └ẻӭ ֩ᾭẻẪ

¸ ὉӡᴺḾὉᵀ₩זּ ι₩Ὁ Ԅӡᴺѭӥᾭї └ẻιӡᴺ Ḋ♇ѭ10000ns

¸ ḧn=2 Ὁᵀι ᴝḊ└ẻḴẙw￼ᶭזιὉᵀ￼ḧῊ♇Һảᵅ

¸ └ẻᴦ◗ώ ḧῊ ẙ
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G
e

mesh

FR-
4

pad

w(ns) 25 250 500 1000

t0(ns) 10300 10380 10470 10630



↓Ẻ֪ῷ

¸ ‾ồ ᴹᴪὭΆ│εFFTζḾ└ẻ ᴦ◗ ấ

¸ώ Ὴ ֫ ᵙᶺ҆ӕ֫ ד
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Filter System

H-1(s)y(s) x(s)

●▼ ╗ ▼◐▼

Ά└ │╜

ðð deconvolution

ðð n=3 fit

ðð n=4 fit



ề Ấ

¸Ể ‬ἧχ

Å ᶈHough ѧἧֹῳᶽӪι ᶈῳᶽӪbinԓ￼♇ ѭṞ҈ ‍ ψ

¸Ể ẙχ

Å Ṅ ấѳᵅ￼ᾭὯỂ ￼♇♀padᵇỂ ΆᵇἮẽιệֹ⌐Ể Άᵇ￼dE/dx ֫ṵ

Å ӔּזKDE │ḾdE/dx ֫ṵ Ẉ◌

Å ᴨỂ ♇ Qmax2ƣḾẔ♇ӈ Ḓṃ ιƣ@5
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ὒ≡ᵷ≡

¸xṃ ᾣṃ◊╜ χ

Å ꞌΎ

Å ᶭ Ύ

Å gapᶎפớ
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¸ƙᾣṃ◊╜ χ

Å ṃ ֫

Å ẙ

Å ֫ṵ

¸ḞḦ ╜ χ

Å Ὴ ֫ṵ

Å ֫

Å ớפᶋᶎכּ



ѦḑTOF≡ ᾛ←

¸ѭ҃╜ ѧḒTOFᵙ Ὴ ι ‖ӡᴺ

¸TOF=T1-T0

¸Td=T2 -T1

¸ ‖ӡᴺ ῶ ӡᵹ⅝
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Readout

Electronics

neutron beam Ḓἔ Ὴ T0
‖ӡᴺῊ T1

padӡᴺῊ T2



MTPC

¸ὒ≡ᵷ

Å ‖ ֧― ᶋכּ ↔ḯ ӌ ↔ Ḓḙכּ֧ ᾭὯ ᴨ
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¸ Ẑ‘῾

Å₩Ὁ ẑ⁭‟ ₩Ὁ ẑⱶת₩ᶚ ֫‘ ẑ⁭‟ ᾭὯ ‗

¸Ḫ ᾛ←Ӌ

ÅᾭὯ֫‘Ά│χ└ẻ֫‘ │ Ể ấ │

Åή╜ᵸ╜ Ά│χxṃ ƙ◊ ḞḦ

¸◓ⱣḪ Ӌ

ÅѧḒ⁄ᴦẔ‰֝Ἀ ⁄ⱶׁת⌐ ∂Ἀ



◓ⱣḪ Ӌ

¸ ֮3ᶽ ⱶתḫ
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 ֜ợ ≡

–◓Ᵽ׀⅜

₱ợ ᾎὊ



Ѧḑ–ᴥẓ ֜ợ

¸ѧḒ‰֝Ἀ ᾭὯῗ⁄ᾭὯ╜ ￼ ᶢ ᾭὯ

¸ᶈ10MeVҨї ιת ᵀӔּזMTPC ╜

¸ ѮẦṝἄӌ ￼‰֝Ἀ ḫ ╜ ᴣᾭὯ Үῶ ỴѲ

2024-8-23 ︢ӿѧḒ◊MTPCḫ ṝ 32

ᴥẓ Ḫ ᾩ

6Li(n,t) 2023ẉ2ῴ

H(n,n) 2024ẉ10ῴ

235U(n,f) 2024ẉ10ῴ

10E+q/ƙ, 2025ẉ~2027 ẉ



 ֜ợ ≡ σ6Li(n,t) ᴥẓ

¸
6Li(n,t)ᴦẔἈ ╜ ιѧḒ 1eV~500keVת

¸ ת 70mm ι ‖ѧỌᾣ 6LiF‾ᵝ

¸‾ᵝᴠᾭχ

Åᴜẙ560nm ιAl Ể89mm ᴜẙ10.8um

Å
6LiѨẙ95%ι6LiF Ḹẙ148ug/cm2 Ể66mm

¸ḫ Ὴ χ2023ẉ2ῴ
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Anode: GND

Mesh

Cathode

1
0

0
u

m
5

m
m

70mm

6LiF

Ar+CO2 (93:7)



 ֜ợ ≡ σ6Li(n,t )ᴥẓ

¸TPCӈ҈ᴖ҇ι ‖― ᾫ ѧỌ77m

¸Ѯ ╜ ‰ᴦẔ6Li(n,t )4He ​ᾱ╜

¸​ᾱχ1mmGd -6cmPb -Ʈ45-Ʈ48-Ʈ73ᵀεז Ʈ63ζ

¸ 0.9bar↔ᴙχ Ḿ Ḓ ╜ ε133hζ

¸ 0.5bar↔ᴙχ Ḿƙ Ḓ ╜ ε143hζ
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 ֜ợ ≡ σ6Li(n,t )ᴥẓ

¸ Ὅtriton ҆ӕ֫‘​ᾱ

¸ ҇ ֩ᾭὉᵀ​ᾱѧỌᵙᴁỂ

¸╔►█χ Ṯ֩ᾭ

¸►χẄẙ50%ᶴᴁỂ

¸Ɑχ ֫ṵΆṮ

2024-8-23 ︢ӿѧḒ◊MTPCḫ ṝ

█●ȟ◐ ║
═
╔►█

►●ȟ◐ ►

Ɑ
╔►█

►►ȟ◐ ►

Ɑ
ȟ

►●ȟ◐ ● ὼ ◐ ώ

Å Ὁᵀ ‛χ
ï ѧỌ ὼȟώ χ(-3.1mm, 0.6mm)

ï ►χ17.7°0.1mm

ï Ɑχ6mm
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 ֜ợ ≡ σH(n,n) ᴥẓ

¸H(n,n)Ἀ ╜ ιѧḒ 100keV~500keVת

¸ ת ẙ70mm

¸ṪӐ↔ӌѭArљCH4█ᵀ↔ӌ(75:25)ιԎѧHӐѭ ⁄

¸ ‖ѧỌᾣ 6LiF‾ᵝιӐѭή╜ᵸᴠᾭ₅ ‰֝‾ᵝ

¸ḫ Ὴ χ2024ẉ10ῴ
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Anode: GND

Mesh

Cathode

1
0

0
u

m
5

m
m

70mm

6LiF

Ar+CH4 (75:25)



 ֜ợ ≡ σ235 U(n,f) ᴥẓ

¸
235U(n,f)Ἀ ╜ χ

ךּ¸ 2024ẉїᴁẉ​╙ḫ

¸Ӕּ0.3זatm֟ṇƙ Ḓẇἣιḫא ẙ╜
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Anode: GND

Mesh

Cathode

1
0

0
u

m
5

m
m

70mm

235U

Ar+CO2 (93:7)



–◓Ᵽ׀⅜
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ᴥẓ Ḫ ᾩ

17O(n,ƙ, 2024ẉ10ῴ

235Uѕ֫ 2024ẉ10ῴ

25Mg(n,Ŭ)2025ẉ~2027 ẉ

17O(n,ƙ,ḫ

¸
17O(n,ƕ,Ḫ

ךּ¸ 2024ẉїᴁẉ​╙ḫ

¸Ṱῶḫ χW17O3 +Si/ SiCή╜ᵸ ֯

¸ḫ ￼ј χSiCή╜ᵸὶᾠ ӌ ṇ

¸ᶾӌԋ Ἀ￼ת ⅝Ҩׁ ‛Ӊ Ѧ

¸T9 < 0.2￼ᴦẔꞌ⅝Ẹׁ זּ ‛Ӊ 5 ~ 8 Ӥ

¸ᶾӌԋ Ἀ￼ת ╜ ῶῺ TPCזּ ֘

¸ ℓṍ 25Pj+q/ƙ,ᴦẔ╜
¸

235 Uє֪ ᴩ≡

ךּ¸ 2024ẉїᴁẉ ╜

¸Ḿ ᴪ ֺ ῶ ỴѲ



₱ợ ᾎὊ
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¸n+ 7Li -A ƙ . w . q

¸ Ḿғת Ἀ ᾭὯ⅝

¸ӔּזMTPCᴥ ‗ᶚ ╜ ιḫ2אѦṾּכ Ḓ ᵀ╜

ᴥẓ Ḫ ᾩ

n+7Li -> Ŭ + t + n2027ẉ~


