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֘⁭אָ
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¸CSNSᴦ ︢ӿѧḒ◊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 ╜



MTPCῶ
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ÅḅӍ╜ ᶶ ѧḒ⁄ᴦẔό

Å ֫ ᶽ ӌ ᶶ ᴦẔ ╜ ή╜ᵸ￼ד

Åώ֧ᶺּז Ὴ Ἦẽḯ(Multi -purpose TPC) ֘Ά⁮

MTPCḫ ṝ



֘⁭אָ

2023-11-25 MTPCḫ ṝ 6



ἒᵒԒḲ

¸ ֘⁭אָ

ὒ̧≡ᵷ כֿ Ṝ

ᾎ̧Ὂ֪ῷ Ṝ

ş̣̇ӏ ֭

2023-11-25 MTPCḫ ṝ 7



MTPC

¸ὒ≡ᵷ

Å ‖ ֧― ᶋכּ ↔ḯ ӌ ↔ Ḓḙכּ֧ ᾭὯ ᴨ
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¸ Ẑ‘῾
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MTPC
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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

Å Ῑḡở҂ ҆ᶽ⸗ḑḘַײấᴦα1536 βε
Ԏᶴ҂ấṜᴤ Ḫ ҬῪҬ︡ײַ
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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



MTPCὒ≡ᵷ Ῠ∫≡
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¸ TPCӈ҈ᴖ҇

¸ ‖― ᾫ ѧỌ77m

¸Ѯ ╜ ‰ᴦẔχ6Li(n,t )4He

¸​ᾱχ1mmGd -6cmPb -Ʈ45-Ʈ48-Ʈ73



MTPC

¸ὒ≡ᵷ

Å ‖ ֧― ᶋכּ ↔ḯ ӌ ↔ Ḓḙכּ֧ ᾭὯ ᴨ

2023-11-25 MTPCḫ ṝ 16

¸ Ẑ‘῾
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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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⁴Ἠ‘῾
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֪ῷ Ẑ‘῾
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BLUET⁴Ἠᵘ֪ῷ ẐẒ

¸ ḾMTPC￼₩Ὁᵙ֫‘ιẦᴧ҃₩Ὁᵙ֫‘ ẑ⁭‟BLUET

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

¸⃰ᶈẦᴧv5ⱱ ⁭‟
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https://code.ihep.ac.cn/csns-backn-tpc


MTPC&BLUET ᶇ ᾉ

¸ MTPCӐѭԇẦḫ ẈᴶḾᴿּזἋẦᾣ

¸ѭӝ҈ּזἋ҃ ᵙḙѽḫ Ά│ιֺӐ҃ᶈ ᾨ @bilibili
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MTPC

¸ὒ≡ᵷ

Å ‖ ֧― ᶋכּ ↔ḯ ӌ ↔ Ḓḙכּ֧ ᾭὯ ᴨ

2023-11-25 MTPCḫ ṝ 22

¸ Ẑ‘῾

Å₩Ὁ ẑ⁭‟ ₩Ὁ ẑⱶת₩ᶚ ֫‘ ẑ⁭‟ ᾭὯ ‗

¸Ḫ ᾛ←Ӌ
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w=25n w=250n

w=500n w=1000n

↓ẺἨᴿ

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└ẻḴẙ￼ᶭזιὉᵀ￼ḧῊ♇Һảᵅ
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Ge

mesh

FR-4

pad

w(ns) 25 250 500 1000

t0(ns) 10300 10380 10470 10630



↓Ẻᴥ╪

¸ ‾ồ ᴹᴪὭΆ│εFFTζḾ└ẻ ᴦ◗ ấ

¸ώ Ὴ ֫ ᵙᶺ҆ӕ֫ ד
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Filter System

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

●▼ ╗ ▼◐▼

Ά└ │╜



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

TPC֪ҹᶊσ ╙ MTPCַײ ṥᾄᶼ₭ ֽẘ

TPC№ᴪ ̔ ȇPerformance Study of the Multipurpose Time Projection Chamber (MTPC) Using a Four-Component Alpha SourceȈ



֪ῷ σ

¸ᶺ҆ӕᴬז└ẻ֫‘ Ể ấ ҆ӕ

¸︢ӿѧḒ◊ Ặ╙ת ι῏ ἄᶺ҆ӕ└ẻᴬזιᶭ֫ז‘ ẙ

¸ Ḓ ָ

¸E-Lԋ ῂ│ῶᾦ ָ ᵃӈת ᴝḒ⁄
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Ῠ∫Ḫ

¸ 2023ẉ2ῴ​╙ḫ χ

¸ ת 70mm ι ‖ѧỌᾣ 6LiF‾ᵝ

¸‾ᵝᴠᾭχ
Å ᴜẙ560nm

Å 6LiѨẙ95%

Å 6LiF Ḹẙ148ug/cm2 Ể66mm

Å Al Ể89mm ᴜẙ10.8um

¸ṪӐ ᴙχ
Å 0.9barχVmesh = -400VιVcathode = -1800V

Å 0.5barχVmesh = -300VιVcathode = -1350V

¸ TPCӈ҈ᴖ҇ι ‖― ᾫ ѧỌ77m

¸Ѯ ╜ ‰ᴦẔ6Li(n,t )4He ​ᾱ╜

¸​ᾱχ1mmGd -6cmPb -Ʈ45-Ʈ48-Ʈ73ᵀ

¸ 0.9bar↔ᴙχ Ḿ Ḓ ╜ ε133hζ

¸ 0.5bar↔ᴙχ Ḿƙ Ḓ ╜ ε143hζ
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Anode: GND

Mesh

Cathode

1
0

0
u

m
5

m
m

70mm

6LiF

Ar+CO2 (93:7)



↓ẺἨᴿֿכ

¸└ẻ֩ᾭὪὸ ὄ ὃ Ὡ Ⱦ

¸ ₩Ὁ└ẻὉᵀι ᴝḊ ֗ḴẙḾ└ẻḧῊ￼ẽᵠ

¸ᴝḊӡᴺῊ ♇ӈ10000nsιὉᵀḧῊ♇ tauӪᴪק
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↓Ẻֿכ

¸ Ὰ 2 Ὁᵀת ♇ѭӡᴺṤӪ♇ι

¸֟Ṉӡᴺᵅ⌐ḾḧῊ♇￼ẽᵠιώ Ὁᵀ ẙ

¸ѭ ℓώ ḧῊ ẙιṄ ◗ẻᴦ└זּ │
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ѦḑTOFḪ ≡

¸ ‖ӡᴺ╜ ѧḒTOF

¸TOF=T1-T0
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Readout

Electronics

neutron beam

Ḓἔ Ὴ T0

‖ӡᴺῊ T1

padӡᴺῊ T2



ѦḑTOFḪ ≡

Ḓḙכּ¸ ᴧΆẪ
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Detector

Signal

T0

Hit

Trigger

Sampling Window

Ëtarrival

Ëtdelay

tTOF Ttrigger



҅Ӕ

Ӕ҅ש

ש ᴦ҅Ӕ

ᴄề ҅Ӕ

Ἠᴿᴦᾌ҅Ӕ
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ᾩ

¸ ᴧTOF>10000 ᴄềײַ ҅Ӕ ֪ῷ

Anode: GND

Mesh

Cathode

70mm

Tmax

Tmin

Tcathode

Tmin

Tcathode

Tmax

Tdrift
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ᾩ

¸ָ֫ (Tmax-Tcathode )ᵙ(Tmax-Tmin )֫ṵ

¸ѣ ṤӪὶ ι ‖ḧῊ ẙӉιpadḧῊ ẙ 100nsι ‖ḧῊ ẙ 265ns

¸ ẙχ22.3mm/us
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ᾩ

¸(Tmax-Tcathode ) frvƠ֫ṵјḢԅ↨Ẉιᶈ 0

ᵙ1￼תᶟῶі

¸ ἄfrvƠ֫ṵᶈ0ᵙ1תᶟјᶎפ

¸ ׁḧῊΆ│Ḿ└ẻҠῶӘ ԋ ι ῭Ὰ
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ề ᵘ Ấ

¸ 3 Hough ᴪὭ Ể ‬ἧ

¸ 3 ѮӪ֫‘ệֹỂ ᴠᾭ

¸ ấѳᵅệֹỂ Άᵇ ẙ

¸ ṄỂ ᴠᾭᶹὸ zӪῳᶽ♇ιệֹ ♇xyᶑ‰

¸⁞ὯỂ ᵙ ẙιᴵ Ḓ ָ

vertex

vertex

alpha

triton
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Ῠᾒ֪ῷ

¸ Ὅtriton ҆ӕ֫‘​ᾱ

¸ ҇ ֩ᾭὉᵀ​ᾱѧỌᵙᴁỂ

¸╔►█χ Ṯ֩ᾭ

¸►χẄẙ50%ᶴᴁỂ

¸Ɑχ ֫ṵΆṮ

█●ȟ◐ ║
═
╔►█

►●ȟ◐ ►

Ɑ
╔►█

►►ȟ◐ ►

Ɑ
ȟ►●ȟ◐ ● ὼ ◐ ώ

¸Ὁᵀ ‛χ

¸ѧỌ ὼȟώ χ(-3.1mm, 0.6mm)

¸►χ17.7°0.1mm

¸Ɑσ6mm

¸ѧỌӈ xΆᵇӭỌιᴵ ᵼѭ֝ ☼ӿ ӭỌ
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⸗ḑḘIDᴹ

¸ ִℓᾭὯ₅‬ḯιᴧא ֫҆ӕỂ ј ιּכḒḙ ᴺᵙpad￼ ᶑ‰ḾẔԋ ј⃰

¸ ᶺ₭₅‬ι ⁞ὯPCBᾰҭᵙּכḒḙ ᶃӮ￼mapᾰҭῂ

¸Ḿј Ể IDᴺԅ ₅‬ιᴧאῗ2ᶒADC￼ ֧ IDᴺ ӈ
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⸗ḑḘIDᴹ

¸2ᶒADM￼ADC Ɑ ֧ ᴺἄḾ ӥι ἄỂ ј

¸ᶈҦ ѧṄ ӥ￼IDᴺ›⃰ѳᵅ₅‬҆ӕỂ ⃰Ẃ

¸ᵅ ᴡᴅ꜠ᶺ₭╜ ι⅛₭іּכᵅѳׁῶ ￼ Ɑј ḧ֧
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ADC ○ᾩ Ӭ

¸ԅ Ὴ ӭṮ֫‘

¸іᶃѭ҇ῴҰᾭὯїᶃѭ10ῴҰᾭὯ
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ᾩ ⸗ḑḘ Ѧᾘ

Ḓḙכּ¸ ῭Ὰѭᴥ ᴧ

¸Ӕּזƙ◊ Ὴ ι ᾭꞌ 600kB/s

¸⅛₭startѳᵅιᴵ Ὴ 10֫ 2ṇῊј ιּכḒḙҺ ѧᾸט

¸DCM#0 ―ӿ ḧớὝ ♂♁
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⸗ḑḘᾂ ₱

¸ᶈѧḒ ѭ1MeVҨі￼ ιᶺѦѧת

Ḓ҆ӕҺᶈ Ὴ ԓֹ ι ἄ└ẻᴬז

¸ ‖ӡᴺᴬזṀ Ẃזּ Ά│ ҨḾ Ḓ

￼֫‘Ὴ ḧ

¸ └ẻᴦ◗

2023-11-25 MTPCḫ ṝ 44

¸Ẹׁ└ẻӡᴺ ỹιѮ ᴩׁᾣớ ᴠᾭᵙFPGAᾭḔ

ἄẻῊ ֺιᾡ ỳχ

Å ᴨ╦FPGAѧ￼ᾭḔἄẻ ֫ι ὶ כּ ׁᾣᴝḊ
└ẻι ׁᴵḫא

Å ᵅ Ḓḙᾡכּ ѧιӔּז ṾḴ ᾌꞌ ᾣιώ
ӡᴺׁ⌐і״ ẙ



DAQᶇ פ
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DAQ packing 

event by event

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

3 ꞌ 1 ꞌ 3 ᾭꞌ 1 ᾭꞌ ᾭꞌ⅝ ҆ҭᾭ ῾ ᾭץ ῾ ꞌץ

10Hz 10Hz 1352.6 1352.74 1.000104 3252 50 0.015375

10Hz 5Hz 1334.57 685.25 0.513461 3679 752 0.204403

10Hz 2.5Hz 1334.56 364.81 0.273356 4054 1372 0.338431

10Hz 2Hz 1334.61 299.78 0.22462 3468 1769 0.510092

10Hz 1Hz 1334.61 171 0.128127 4081 2656 0.650821

¸Ӕּ#1זᵙ#3 Ḓḙכּ ╜

¸ָ֫ ѣѦ ₩ᶒ Ԅјᵃ ꞌ╜ ӡᴺ

¸╜ ῾ ꞌץ ᾭꞌ⅝Ӫᴪק

¸ ώ DAQ ḕᵙ Ὴ Ӫι Ӊώ ꞌץ

¸ḫ ѧ ᾭꞌ⅝Ӫὶ 1ιᴵ Ԝ ץ



ἒᵒԒḲ

¸ ֘⁭אָ

ὒ̧≡ᵷ כֿ Ṝ

ᾎ̧Ὂ֪ῷ Ṝᴢ

ş̣̇ӏ ֭
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כֿ  אָ
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¸ ḾᾺẻמι ḧ֝ ￼ Άᵇ

ḅ̧Ӎ Ἡ Ặό

ԋ̧ Ἡ  Ѯᴵί

ԋ̧ ᶵ Ѯᴵί

ԋ̧ ҭ Ѯᴵί

Ԋ̧ ᾎὊ ѭᴴὔψ

Ỡ̧ҩ ṮַײᾎὊε ї ѕψ



כֿ  אָ

 ̧֜ợ

¸ ₱

◓̧Ᵽ׀⅜

2023-11-25 MTPCḫ ṝ 48



 ֜ợ ≡
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‰֝Ἀ

ᶂ

⁄Ἡ 

ḙװ⁄

⁄ⱶת

ᶾӌⱶת

Ḓⱶת



Ѧḑ–ᴥẓ ֜ợ

¸ѧḒ‰֝Ἀ ḾẔ￼⁄ᴦẔѮ ѭṾּכ Ḓ֧ṃᴦẔ

¸ᶈ10MeVҨї ιת ᵀӔּזMTPC ╜

¸Ầṝἄӌ ￼‰֝Ἀ ḫ ╜ ᴣᾭὯ Үῶ ỴѲ
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 ֜ợ ≡
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ᾎ ắᶂ ṷἵᵓ



₱
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