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Introduction to detector and electronics group

Motivation: Develop advanced neutron detectors for CSNS and other neutron sources in China

Responsibility: Operation, maintenance, research and development of detectors at CSNS

Team: Professors 3, associate professors 8, 40+ in total, including physics, electronics, software, mechanics
e = —— = ‘!




Three neutron sources and the demand for detectors

ChmaAdvanced,Res_earch China Mianyang Research Reactor
CARR, GOMW S

CMRR,20MW

® Nearly 60 instruments of three neutron
sources will be planned in China

® Each instument costs ¥100 million, in which
detector takes up 30-50%

® The neutron detectors mainly depend on
Import, a massive, urgent and critical

demand for multi-types of detectors




China Spallation Neutron

National major science and technology infrastructure

during the 12th Five Year Plan
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CSNS technical parameters

Phase | Phase Il

Proton beam power (kW) 100 500

Pulsed repetition

frequency (Hz) 25 25

Average beam current

(LA 62.5

312.5

Beam energy(GeV) 1.6 1.6

RCS injection energy

(MeV) 80 300

Neutron instrument suite

11. Atmospheric Neutron Irradiation Station
12. Very Small Angle
Neutron Scattering Instrument

13. Energy Resolved Neutron Imaging

14. Neutron Physics Instrument

15. Longitudinal Resonance
Neutron Spin Echo Spectrometer
16. Multi-Physics Instrument — - &= *
17. Diffuse Scatting and
quasi-elastic \pu(rum(lé
18. General Purpose Power I

19. Single Crystal Diffi

7
20. High Pressure Powder Diffractometer

i H, moderator
(20K, decoupled+poisoned)

9. High Resolution Power Diffr
10. Backscattering Schlromeler
Target Cooling System , ,
8. Engineering Material
Diffractometer

(> 7. Direct Geometry Polarized
27 .- Neutron Spectrometer
- 6. Inverse Geometry

Chemical Spectrometer
5. High Energy Direct Geometry
Spectrometer
4. Low Energy Direct
Geometry Spectrometer

3. Li‘quid Reflectometer

nr rpose Reflectometer

Proton Beam

H, moderator

— ..  H,0 moderator
(20K, coupled)

(300K, decoupled)

Number of instruments 3 11

Large-scale scientific facility of Guangdong-Hong
Kong-Macao Greater Bay Area




Neutron instrument and detector system

Neutron scattering principle: Instrument architecture
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The function and requirement of neutron detector for instrument
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Typical powder diffraction instrument resolution:
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Time resolution: ~ us, Spatial resolution: ~ mm
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Detection area: ~ m?2

The framework of detector system at CSNS Detection efficiency: ~ 80%

Data-driven
Digital logic Data System
electronics acquisition for Neutron

Neutron Charged particle/ Frond-end
convertor Photon detection electronics

(FPGA) (DAQ) Instrumentation
(Based on Kafka)

(3He, SLi, 1°B) (Sensor) (ASIC)




CSNS neutron detector development planning

Cooperation 6{,"

N N
,\9" Phase I, 3instruments ‘\9" instruments, 8 fV/ Phasell, 9instruments N

Large area coverage
2 ~
Neutron scattering (>1m?, ~cm Res)
experiment

(Diffraction. SANS. MR) High resolution

(<Im?, ~ mm Res)
Neutron detector
Large FOV

(20cm*20cm, 50um
Res)

Neutron imaging
experiment

Timing resolution for
energy resolved

(~us )

%
N

3He tube array detector
Scintillation detector

GEM neutron detector

Scintillator coupled with
CCD camera

Scintillator coupled with
TPX3Camera
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Large area 3He tube array detector

Achieved detector and
electronics in vacuum and
passed national acceptance

|
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|

|

|

| Started to develop 3He tube
| array detector in vacuum for
| SANS

using standard module design,
upgraded the electronics and
improved the resolution for MPI

N
v
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Started to develop 3He tube
and dedicated ASIC chip with
low power consumption

Developed 3He tube array detector

Phasc 11

—

Realize ASIC-based electronics andl

self-developed 3He tubes to serve

the construction of CSNS phase Il |

Start the construction of
CSNS phase I



Small Angle Scattering instrument (SANS)

Scientific goals: Moderator CHM (20K)
® Data range of high confidence: ~ [MS distance 14m
0.01~05 Al SD distance 1~5m
® O ' lution: ~300/4 Detector 120 pcs 3He 8mm PSD
Qumin resolution: ~30% Effective area 100X 100 cm?
® Adjusted sample size Resolution 1 cm (FWHM)
® | arge sample loading space AL 0.4-8 A
g range 0.004-3.4 Al

SANS is used to detect the microscopic and mesoscopic structure of the
materials in the cale of 1-100nm. Its experiments will include many
disciplines such as chemistry, physics, biology, materials, geology, etc.

Beam shielding

Double disk band rame overlapping

width chopper mirror

J ‘ ‘ ' S]ample chamber Scattering chamber
0

shutteilimator ~ monitor ~ TO chopper slit Fast switch detector beam dump

Vv

0 6 67 757 78 12 16 (m)



SANS large area 3He tube array detector

Neutron tests Readout electronics HV discharge experiment in vacuum Massive sealing weld of 3He tube
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O The first domestically O Spatial resolution: 9 mm,
developed SANS detector Detection efficiency: 81%@2A

O The detector can work ina O Meet the requirement of large-
full range of vacuum area neutron detector in the

enviroment. vacuum for SANS



Multi physics instrument (MPI)

MPI can be used to conduct research on chemical engineering, crude oil and gas
recovery, enviromental science,renewable energy,separation technology,food safety,biology
and pharmacology, etc.

Mechanical design and detector module Self-developed readout electronics with high spatial resolution
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Detector system layout



Detector assembly, tests and installation

May 20-Nov. 15, 2020, Complete the batch assembly of modules and tests in Lab

Assembly and tests Assemble 3He tube Assemble elctronics Module appearance Noise level 2mV
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Complete the detector calibration and the system tests at BL20
Spatial resolution Calibration curve Calibration result ~ Spatial resolution with counting rate
1Tube X_Position Calibrated 20 Imaging
1600 6.8 450 3 Tube FWHM VS CountRate Spectrum
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Dec. 6, 2020-Mar. 5, 2021, Complete the detector installation and commissioning with the instrument
Bank assembly site Bank assembly Monitor installation Detector installation




Demand analysis on He tube detector for CSNS

% / 8 Cooperation
Q\ -
N Instruments

Phase I, 3 instruments

4e
v
;\? Phase Il, 9

9

Q3
D
2

~ 6000 3He tubes will be used, ¥ 00,000 each, about ¥600 million in total!

2011-2018 Diameter 8mm, effective length 1000mm, 20 atm

e Diameter 8mm, effective length 300mm, 20 atm 4

Diameter 25.4mm, effective length 500/300mm, 20 atm 544

Diameter 8mm, effective length 1000mm, 20 atm 512
2019-2023 Diameter 12.7mm, effective length 500mm, 20 atm 028
_(Cooperatlve Diameter 25.4mm, effective length3000mm, 10 atm 264
instrument)

Diameter 12.7mm, effective length 600mm, 20 atm 1376

2023-2029 Diameter 25.4/12.7/8mm, effective length300-3000mm, ~2000
(Phase 1II) 10-20 atm

SANS
MR

MPI

VSANS

HP

HD

High resolution

11 instruments

14



Self-development on *He tube detector

Since 2019, CSNS and China Nuclear Power Research Institute have concentrated
on the collaboration and development of various types of 3He tubes, aiming to provide
mass-produced 3He tubes for the large-scale scientific facilities in China.

* SHe tube detector of three types:
—Diameter: 25.4mm, Length: 300-3000mm, 10-20atm P — =
—Diameter:12.7/8mm, Length: 300-1000mm, 10-20 atm Ls. # 4 . 1o
—Anode wire resistance: 6-10kQ/m, = ™ i ¥ 8
Diameter: ~ 15 pm
— Filling pressure accuracy: 0.0latm
— Batch deviation: +5%
—Wall material: 304 stainless steel,
Thickness: 0.2-0.5mm
— Connector: SHV/ wire leading

* Further interests:
—3He tube detector with finer diameter, even 4mm/6mm =
— High spatial resolution along the wire, ~2mm




Self-development on *He tube detector

At present, several types of 3He tubes have been successfully developed. Beam test
results at CSNS show that the critical performances have reached the level of commercial
products, and the feasibility of the technical scheme is initially verified.

Technical seminar Anode wire welding Assembly Laser sealing welding Leakage current test
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ASIC for front-end electronics

Schematic diagram of ASIC for low
8

power readout of Helium-3 tube Channels
Input charge range 10fC~1pC

Counting rate 500 kHz

1000 e-@15pF

<5%o0

9 mW/Chn.

Simulation results when the input The chip die and test board
charge is 50 fC 1 T TP

i .
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the IHEP for his_strong guifjance ~ The measuredwaveform Qin= 500 fC
and advice on this ASIC chip. =
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Large-area scintillation detector (°LiF/ZnS(Ag) )

Scintillation
dow)

120mmy

2010~2018 2018~2021 2022~2028

Scintillation detector V3

WLSFsfory direction

Scintillation detector V1 _ Scintillation detector V2 Ultra-thin new structure
> Breakthrough 0->1 » SiPM readout, solve the probelm of (There is no detector of the
> PMT readout non-unifc_erity of _detection efficiency. same type in the world)
>low-cost and large solid = > the optical fiber is bent at 90 degrees, 3 Thjckness smaller than10cm
Goals angle coverage replacing reduce the dead zone of detection. without fibers, simplify the
3He tubes. installation process and reduce the

> Dedicated ASIC readout >TSeIf-production O_nL!g cSoTponents: cost.
ransparent ceramics: LIF/ZnS(Ag) »>the scintillation screen inclined

electronics to realize the L
. . i » Domestic LiF/ZnS(Ag) screen ) ) . .
integration with detectors =, cipn readout to improve the detection efficiency

l complted | (50%@1A)

. GPPD-Il(upgrade
Al GPPD ERNI, EMD and i—lggdiffrgctometer SNSRI
Expand Fast neutron imaging detector (plastic scintillation screen+SiPM readout)

application Li glass optical fiber beam monitor (Li glass optical fibre+SiPM readout



Large-area scintillation detector (°LiF/ZnS(Ag) )

GPPD —SCinti.uati.Oﬂ neutton detector Data acquisition interface

B S I

A

Double layer Scintillator e
SLiF/ZnS (Ag)

T TR T i) 100 L S B

L
o5

Spatial resolution

Semer daguan

O The scintillator detector with this . 3*5 detector array 40 detector moduls
structure is realized in a large .
L 8 —+——— . 0O Integrated detector module,
scale use for the first time in the , S s e G . .
world . front-end digital for fast readou
O Spatial resolution: 2mm, . t, highly integration design,

O Multi-anode photomultiplier

tube and ASIC electronic digital - . detection efficiency: easy assembly and maintenance
readout are innovatively used. . O Innovative detector man >50%@2A _

O Large-scale scintillator detector ufacturing process for m O The detector can realize large
arrays will become important ass-production O The performances meet the area coverage, expected to be
candidate for large area coverage I Qptained 5 invention pat requirements of GPPD for applied in neutron scattering

of neutron detection. . . .
ents large area of neutron detector and imaging experiment



Engineering Materials Diffractometer(under construction)

Detector solution: SLiF/ZnS(Ag)+WLSF+SiPM

i FmEE
43 RERG Instrument Layout asEmz+szs
CSNS

The oblique incidence detector

i WLSF,__
' LLSS -
wes  _ofelolel

‘ | S'Cillﬁll;llt()l‘ reflecting film

" SER ,
wuREE [ G- |

RO > Oblique screen can effectively improve the efficiency

of neutron detection

Technical parameters:
» Detection efficiency:

40% @ 1A
» Position Resolution:

3mm(H) X 50mm(V)

» Time Resolution :

lps
. » Count Rate:
5 80 kHz
jfg{r_am > Module size:

200mm X (100~50) mm

Schematic diagram of
20 detector structure



Energy-Resolved Neutron Imaging instrument (under construction)

Schematic diagram of diffraction detector Detector requirements
Distance from
2m
samples
Resolution Ad/d < ~0.6% at 90 degree
Scintillation detector
Diffract 90° Banks: pixel size 3mm x 3mm,
ion | Specifications efficiency 40% @ 1 A
detector other Banks: pixel size 3mm x 50 mm,
efficiency 40% @ 1 A
Detector Horizontal coverage angle: 5~ 170 °
coverage Vertical coverage angle: +20°
Light reflection film Incident -
neutrons

Oblique
incidence

Schematic diagram SiPM

> The scintillation light induced with neutrons is collected by 3~5 SiPM units, Sciation light distribution in SIPM

and the position of the incident neutron is calculated by the centroiding method to,.:*

improve the spatial resolution. =0

a0
250 —
50

SiPM" neutron signal, amplitude -
+0.2~2V o=

> Difficulties: Need for ADC-based ASIC electronics, SiPM and electronics need..:

150 —

lots of channels and highly cost. =t
21 ]




High-resolution GEM neutron detector

Start research on
GEM neutron

. ; Larger area GEM neutron
Start research on GEM  detector Dedicated ceramic GEM detector (200mm*200mm )
\
\
»
k

Boron coating b :
gy Mass application Sealing GEM

magnetron sputterin
Neutron detection 0 P g neutron detector

with standard GEM




High-resolution GEM neutron detector

Excellent performance
Independent and controllable

Production syster‘g

(Aiming at the application of neutron instrument
Solve the key technologies
Goals: 1. Replace ®He-based detectors

2. Localization, system construction
\ 3. Advanced level

~\

Three key technological breakthroughs

J

Physical design and M.C.
simulation of detector

‘ n

Driftcathode-""B —

GEM-'°B { L aor Li
GEM  sssssssssssssrssssssssas ;
Readout board -----% —L
GEM =
GEM—WB{ B
g or i+

Driftcathode-'°B "HV

! Drilling

Copper =

Ceramic
g

Au

Mass production of ceramics éEM inventd by C

LCLOLCLOLOL OO

TG *
- o

- WK AT A —)

SNS

Detector
And
Applicati
ons

Dedicated ASIC chip and fast FPGA-based digital electronics

23



Dedicated ceramic GEM for neutron detection

In 2013, the dedicated GEM was proposed: reduce hydrogen containing materials, easy to

assemble, operate and maintain, self-developed in China

Specifications:

. - Au
mechanical drilling

@ Parameters: thickness 0.2 mm, hole diameter
0.2mm, pitch 0.6mm, accuracy 50pum, Rim 80 um
€ Mass production yield: ~80%

Production processing

Neutron transmittance

0.98—

2094 -,
= +

Gog2r

E -
0961 27w ™
e F -y

D)
7 ! Dri”in E 0'93 =  Ceramic GEM
N 0.88— 4 FR4 GEI
Copper 3
Ceramic Tz ol

ANEEEF——"FRSEEFENEARBREARRISH HIRAREES

Active area: 200mm X 200mm

Institute GEM type Insulator substrate | Hole d(um) | Pitch p(um) | Copper thickness | Total thickness (um) | Copper coverage
(nm) rate n,
Standard GEM Kapton 70 140 5 60 7%
CERN
THGEM FR4 200 500 10-20 200-500 85%
nGEM Kapton 70 210 5 60 90%
KEK GEM LCP 70 140 5 100 7%
CSNS | Ceramic GEM | Ceramic 200 600 20 200 90% 3y




Dedicated ceramic GEM for neutron detection

Production process of Ceramic GEM

\ = g4

Nz

Mechanical drilling Corrosion
Common problems and improvement:

Inconsistent pore diameter Irregular pores Foreign matter in pore  rim edge is not corroded Scratches

Improvements: replace the drill bitmore frequently, ultrasonic cleaning, improve the printing ink baking time and packaging
X-ray beam test 300mm*300mm@2020

90%Ar-10%CO, Ed-Ei=1-2.5kV/cm 930V energy spectrum

rgsolution (27.7%

- ,‘} 95%Ar-5%IC4H10 | NI AN e P IR c T - L ~
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 80O 900 1000 50 100 150 200 250 300
vniv Vn/V channel




Large-area boron coating by magnetron sputtering

Research on Boron Coating Technology of Neutron Convertor (Jingtao Zhu)
According to the characteristics of the boron coating process, develop a special

large-area coating facility with max coating area of 1500mm*500mm.
Main components:
@ Sputtering chamber

‘h ﬁ‘ ke ®Magnetron target
| ®Sample frame and transmission system
@ |ntake system
@®\/acuum pumping system
@®\/acuum measurement system
L — P ® system

®Electronic and computer control system

Magnetron sputtering coating facility

Acceptance meeting Acceptance experiments

Commissioning and acceptance were completed in October 2020, it has been put in use now.,,



Large-area boron coating by magnetron sputtering

Research on Boron Coating Technology of Neutron Convertor

Double-sided Ti/B,C film sample
Ml -———a=_——am
.................................. %

2.5%

2%

1.5%

1%

0.5%

0

-0.5%

-1%
[

-1.5%

—2%

—-2.5%

= XRR_TIB4C5

Fa— 1500mE B3 0E

=750 -625 -500 -375 -250-125 0 125 2350 375 3500 625 730
A A E /m

PRI P 3 2 4o
]

2 2
2Meta-Omega (luis>)

The thickness control precision 1nm, deposition rate 0.075nm/s,
Target sweeping speed 3.25mm/s. It takes about 4 hours and 27 times
of sweeping the target to coat 1 um thick film.

o soomed|

=230

=125

0 125 230

Test results: thickness non-uniformity is <+ 1.32%
and <+ 1.32% along 1500mm and 500mm




ASIC chip development

Principle diagram of ASIC for fast readout of GEM (Yichao Ma)

Input charge +10fC ~ =400fC

> X4

{ 4X8=324

~

~

wriswa Counting rate of single > 1MHz

| i

channel

10MHz R B 4

f@w L !
= {401«111&&?& Channels 32

* r%J e e s L. =
i l s == Qutput characteristics  Digital signal: 2.5V TTL
e EAR 7 ik 18] 1 PR ) DAC & 4 L - .
| e W*“’%IT > coewis 1 NIEShOId External DAC is adjustable
A LR §

Simulation results when the inputis  chip photo under microscope

COB package module

-400fc/1.25Mhz 2.5mmx5mm 2cmxlcm
e

|

i " !

160 chips available, COB packaging and the performance were completed in May 2020 28



(1) 2D position sensitive neutron beam monitor

Seven GEM beam monitors were used during phase | of CSNS. They operated
successfully for 5 years. It has been considered as standard solution of monitor at CSNS.

Configuration:

Active Area 50mm*50mm

108 coated n

Ar/CO, (90/10)
cathode

Max. Neutron Flux 108 n/cm?.s

aor 'Li

Drift Pixel size 1.56 mm
1kV/icm | 4mm
BRI B e r————— A Efficienc 1.8 A 0.1 %
e kviem @ 2 mm ye1. A%
nauction :
_ Max Counting Rate 1.7 MHz
2-D readout electronics
Working mode Real-time
Beam Profile at Guide Exit of GPPD @2017 Beam Test at GPPD@2020
GPPD@M1 XY2D
GFFD@;MJ ?D GPPD@M1 Lamda with corrected eff . ‘ . i } Al . s:n’
- - [ GPPD-M2 [ —-GPPO-M1
«Background counts; o[ o T GPPDAM A\\\ﬂ
) / N P R % ..L neutron ghergy spectr HES #'E
- \‘I\r ?“m ."_.-= -:.‘... .-.?-:.. fz : 370 E ;
/‘" W I B B 3 g 7. " neutrgh energy specter
- ] yan !
First neutron beam profile measured on November 1,2017  2_3A Beam Test at SANS@2019
2D Imaging@SANS M1 N 1 XY2D within Lamda range L
=yl SRECHLSTE R A A s — neufron energy spectrun
= Maximum COUﬂti,‘[f[gj 555 ia.m ) —— M2 ORDELA 562N
i rate: 300kHz I RSP PT T O - Jﬁ* et
E ™, é; 4 Em— IJ ‘1\
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(2) High-efficiency and large-area GEM neutron detector

A high-efficiency and large-area GEM neutron detector was developed to meet the
requirements of ENRI and VSANS.

Principle diagram

n
Driftcathode-1"B i
& : -L s "
2enmorecery R e T > D x> 2o e
GEM-—‘| JB —ﬁ - WO W AN ‘-r‘\:b‘ v(;tl ‘"u--r’ly(—o-h*-:n.vi”
R — R
L_ rosesssssssessssssssnssssssssodeocss
GEM

Readout board ——--“

GEM  ssee

R e N R LT e LR R
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S o s L

"J. e

e 0 0 0 A 1 e T 0 A

e

e N T um ;H“ -
¥ -
~3

Driftcathode-"°B

1 =
09
08
07F
0.6~
055
0.4F

conversion efficiency

0.3f

E e
027
04 e ,

P R

40
Number of layers

-HV

Detection efficiency vs convertor

Design specifications

Active Area

Efficiency

Spatial Resolution

Ceramic GEM

Boron Convertor

Pixel size

Electronics

Channel No.

200 mm* 200mm

~40%@2A

< 3mm (FWHM)

Pitch:600pm, hole:200m, thickness:200pm

10B:>96%, thickness: 1.2 pm

0.78mm
64 Ch/ASIC x 8+FPGA+Ethernet
256Ch(X)+256Ch(Y)=512Ch

neutron incident window

boron-coated GEM foils
2D readout flexible circuit board
neutron shielding plate
ASIC chips
high voltage distributing plate

digital electronics board 5,



(2) High-efficiency and large-area GEM neutron detector

Detector inside Readout board

ProjectionX
Constant 5.629e+04 + 1.906e+02

60000 Mean 7212 £ 0.00 -

50000 Sigma 1.1110.003 000 w1100;
5 L &
-4 1000 H
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Spatial resolution Instaneous counting rate spectrum
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¥ Experiment

Conversion efficiency

0.1

c P Y ) L PErE L T i 1 L
1 2 3 4 5 6 7 8 9 10
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. i ici Detection efficiency result
Technical test and acceptance @2019.04.19 Detection efficiency measurement 31




(3) High-resolution GEM neutron detector

A sub-mm high resolution GEM neutron detector is developed to meet the requirements of ERNI

Al 3.0pm thick Ti stoping layer is coated on B,C, pitch period is
B,C
Sflop Layer

0.78mm, drift region gap is 4 mm, spatial resolution can reach sub-
Drift cathode
Drift region mm scale.
Ar/CO,

GEM (90/10)
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A sealed GEM neutron detector is developed to be used in vacuum of instruments=-

(4) Sealed GEM neutron detector

Detector structure
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(5) Fast neutron GEM detector

Fast neutron detector by using recoil protons

(Application: fast neutron flux measurement )
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Neutron imaging experiments using GEM detector

Pinhole neutron imaging on the moderator of CSNS (Songlin Wang)
Neutron distribution

Moderator

——

8. 971m 14, 21m

Neutron wavelength: >2.86A
Bragg edge imaging experiment of 304L steel at GPPD(Jie Chen)

-
Stress distribution




Typical applications on other scientific facilities

Neutron beam diagnosing detector @CARR
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Neutron beam measurement under different power at CARR reactor

Neutron beam monitor @CMRR  X-ray tracing detector@ National Institute of Metrology
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C ) Al U delLc )
03 Develop DE eutra aging detector fc 0 0
0 s 0 NDatls 0 0 0N and large O
High resolution General purpose Large area Time resolution
: 1) SLiF/ZnS + TPX3Cam
Detector types | Gd,0,S:(Tb) | 6 jr/zns+ccp | CEM
+CMOS 2) nMCP + Pixel ASIC
Imaging area <5*5cm? <20*20 cm? >20*20 cm? <5*5cm?
Detection efficiency ~ 40% ~20% ~ 40% ~20%
Spatial resolution <30 pm 30~200 pm ~1000 pm ~100pm
Time resolution None None 1ps 1ps

Neutron flux

106~108 n/cm?2. s

Pixels

512X 512~2048 <2048



(1) Neutron imaging detector based on CCD camera

Schematic diagram Detector structure and components

Scintillation screen Lens Pl CCD camera

-
. [

APSES

o Reflecting mirror Bellows Dark chamber Movable platform
Key specifications:

*Magnification: 0.15-1.0
*Working distance: 90-
438mm

*Field of view (FOV):
30mm*30mm->200mm*200mm
«Spatial resolution:
30um->200pum




(2) Ultra-high resolution neutron imaging detector (~pm) using GOS

Princip|e diagram Detector structure and ComponentS

Neutron Beam Scintillator Drak chamber Movable platform Camera

Neutron Absorption Plate

Sample
Scintillator Fluorescence
—3() Lens sCMOS
et Dark Chamber Reflecting mirror Lens Bellows

M.C. simulation on scintillator Neutron spatial resolution 13 pm

Main specifications:
® Magnification: 4X,5X,7.5X

® Working distance: 34mm, 44mm
® FOV: 1.7mm*1.7mm->
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(3) A novel energy resolved neutron imaging detector based on TPX3Cam

Principle diagram

25Hz

W m—

Main specifications:

1 @
P47 i .

MCP

Image intensifier

Lens — Neutron
TOF=TOA-T( =) wavelength (1)

illation h .

Pulsed neutron beam

Sample Mirror Darkroom

(a)

Chip size: 14.1mm*14.1mm
Magnification: 0.5-2.7
Working distance: 60-345mm
FOV:
5.2mm*5.2mm-28mm*28mm .

Spatial resolution:

40pm->220pum

TPX3Cam is a time stamping optical camera
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(3) A novel energy resolved neutron imaging detector based on TPX3Cam

Neutron imaging of different samples

Stamen .

4 Water content . §

Flower imaging under different FOV

el
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T T

0-1A 1-2A 2-3A
Neutron imaging of different wavelengths

Neutron imaging of Bolt X-ray imaging of Bolt X-ray imaging of No.7 battery

No.7 battery and neutron imaging
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1 Team introduction and development
planning

2 Development of the neutron detectors

= 3He-based, Scintillator, GEM, imaging detector

3 Summary



Summary

4 instruments detectors passed the acceptances. This lays a good foundation
for the detectors development in Phase I1.

Massive 3He tubes will be used for instruments. CSNS intends to produce
various types of 3He tubes in China to satisfy the demand of Phase I1.

Scintillation detector with °LiF/ZnS(Ag) is an economical alternative to *He.
The next is to improve neutron—gamma discrimination and the neutron
detection efficiency.

Ceramic GEM neutron detector shows good performances with high spatial
resolution and high counting rate. However, the neutron detection efficiency
still needs to be improved.

For imaging detectors, the key is the ASIC chip with timing resolution.



Acknowledgments

PR s
i A RHAIERIF A ) EEREETRR EE e [ N
Ministry of Science and Technology of the People’s Republic of China P MElocionics - 1% ‘

(@ hYEh FYESE AT RE

Key Laboratory of Neutron Physics,CAEP

PETEEZHRIGR W\ i,

National Institute of Metrology,China S




1on

our attent




