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Ⅰ. A brief introduction of the NPAI

• Neutron Physics and Application Instrument-NPAI 
have two beam lines expand the function.  

• Application Beam line :

• Prompt Gamma Activation Analysis (PGAA)

• Neutron Depth Profile (NDP)

• Physics Beam line:

• Ultra Cold Neutrons  (UCN)

Ultra Cold Neutrons（UCN）

PGAA

NDP 4



Ⅰ. A brief introduction of the NPAI
• Prompt Gamma Activation Analysis (PGAA)

• Capture thermal or cold neutrons, form a compound nuclei;
• Release gamma rays upon de-excitation within a time frame of less than 10-14 seconds;
• The characteristic gamma rays are detected using a high-resolution gamma spectrometer;
• The energy of characteristic peaks is used to determine the elements (nuclei);
• The elements (nuclei) concentration is performed by the normalized characteristic peak area.

PGAA Schematic PGAA advantages and applications
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• Prompt Gamma Activation Analysis (PGAA) applicaitions

Measurement of clay crucible sample in FRMⅡ
Restaurierung und Archäologie, 2015, 8: 115-124.

Ⅰ. A brief introduction of the NPAI
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Ⅰ. A brief introduction of the NPAI
• Neutron Depth Profile (NDP)

• Neutrons react with elements, and produce charged ions with a well-defined energy;
• The charged ions that escape the sample are collected by a surface barrier detector;
• The energy of detected ions is used to determine the initial location of the nuclear reaction;
• The normalized counts are proportional to the abundance of Li at the corresponding depth.

Advantages:
- High sensitivity for light elements;
- Quantitative and non-destructive;
- 10s nm resolution and 10s μm depth range.

Applications:
- Battery failure analysis;
- Microstructural evolution;
- Electrode optimization. 7



Ⅰ. A brief introduction of the NPAI

Depth Distribution in Electrolytes

Failure Analysis of Li battery
J. Am. Chem. Soc. 2017.

Nature Energy, 2019.

Failure mechanisms in Li metal anodes
Nature communication, 2018.

Revealing Chemical Processes
J. Am. Chem. Soc. 2016.

Expanding the metrology of CE
Radiation Effects & Defects in Solid, 2019.

• In-situ NDP applications
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Ⅰ. A brief introduction of the NPAI
• 3D NDP applications

Visualizing the buried logo and shapes
J. Power Source, 2015.

Structure of Li Dendrites in Polymer Electrolytes
eScience, 2024.
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Ⅱ. Moderator
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• Physics Beam line：Cold neutron convert UCN, require high cold neutron flux, no requirement for

pulse width；

• Application Beam line：Cold neutrons have capture reactions with the sample, and the released

gamma rays or charged particles are measured. It is required to have a high cold neutron flux and low

pulse width requirements.

Neutron wavelength spectrum Neutron pulse width

We can see for the most used 

wavelength range CHM has the best 

flux and acceptable resolution, 

whose BL-12 has also the most 

available space, therefore we chose it 

for this  instrument.
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BL03: Liquid reflectometer
BL04: Cold inelastic Spectrometer
BL06: molecular vibration Spectrometer
BL08A: neutron technology test station

BL10: Backscattering spectrometer

BL20: Polarized chopper spectrometer
BL19: Single crystal diffractometer
BL17: Quasi-elastic spectrometer

BL12: Neutron Physics and Application Instrument

CSNS II  Neutron Instruments

Ⅱ. Position

The position of NPAI 12



Ⅱ. Available space

BL11

BL13

NPAI

Disk choppers

Secondary shutter

Application Beam

Physics Beam

The location of NPAI The plan view of NPAI

Neutron guide

T0 choppers
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Ⅲ. PGAA physical design
 Prompt Gamma Activation Analysis Layout

Guide end exit 3cm×3cm
Guide end 31m

Switchable part Guide / Collimator
Switchable part position 31m~32.8m

Sample position 33m
Sample angle 45°

Sample chamber 38cm*32cm*50cm
Gamma collimation 

aperture
Length

Ф2cm
15cm

Length (De-Sa) 35cm
（16cm+15cm+4cm）

Bandwidth 2Å~6.7Å
Gamma detector N-type HPGe

Sample size 3cm*3cm / 1.2cm*1.2cm 
Slit：1.2cm×1.2cm

互换系统-导管端

31.00m

互换系统-准直端

32.20m 32.70m

导管出口：3cm×3cm

32.80m32.30m

Slit：1.2cm×1.2cm

导管入口：4cm×4cm

0cm
5cm
10cm

15cm

20cm

30cm

40cm
45cm

32.75m

Switchable part 
Guide

Collimator
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 Neutron Performance at PGAA Sample Position 

 Switchable part is Guide port, for high neutron flux;
Mode Attenuator Chopper Flux

White Beam Off 0.1 Å ~ 12 Å 3.57E+09 n/cm2/s @ 500kW
Normal Beam Off 2 Å ~ 6.7 Å 2.80E+09 n/cm2/s @ 500kW

Low flux On 2 Å ~ 6.7 Å 3.52E+07 n/cm2/s @ 500kW

Ⅲ. PGAA physical design

White beam mode Neutron Wavelength Spectrum CompareNormal beam mode Low flux mode

0 1 2 3 4 5 6 7 8 9 10 11 12
0

1x108

2x108

3x108

4x108

5x108

6x108

7x108

8x108

9x108

1x109

n/
cm

2 /s
/Å

Wavelength/Å

 1cm×1cm

-3 -2 -1 0 1 2 3
-3

-2

-1

0

1

2

3

X/cm

Y/
cm

0.000

4.000E+08

8.000E+08

1.200E+09

1.600E+09

2.000E+09

2.400E+09

2.800E+09

3.200E+09

3.600E+09

4.000E+09
n/cm2/s

0 1 2 3 4 5 6 7 8 9 10 11 12
0

1x108

2x108

3x108

4x108

5x108

6x108

7x108

8x108

9x108

1x109

n/
cm

2 /s
/Å

Wavelength/Å

 1cm×1cm

-3 -2 -1 0 1 2 3
-3

-2

-1

0

1

2

3

X/cm

Y/
cm

0.000

4.000E+08

8.000E+08

1.200E+09

1.600E+09

2.000E+09

2.400E+09

2.800E+09

3.200E+09

3.600E+09

4.000E+09
n/cm2/s

0 1 2 3 4 5 6 7 8 9 10 11 12
0.0

2.0x106

4.0x106

6.0x106

8.0x106

1.0x107

1.2x107

1.4x107

n/
cm

2 /s
/Å

Wavelength/Å

 1cm×1cm

-3 -2 -1 0 1 2 3
-3

-2

-1

0

1

2

3

X/cm

Y/
cm

0.000

6.000E+06

1.200E+07

1.800E+07

2.400E+07

3.000E+07

3.600E+07

4.200E+07

4.800E+07

5.400E+07

6.000E+07
n/cm2/s

0 1 2 3 4 5 6 7 8 9 10 11 12
103

104

105

106

107

108

109

1010

n/
Å

/c
m

2 /s

Wavelength/Å

 white beam mode
 normal beam mode
 low flux mode
 low flux mode×80

16



Mode Attenuator Chopper Flux
White Beam Off 0.1 Å ~ 12 Å 4.13E+08 n/cm2/s @ 500kW

Normal Beam Off 2 Å ~ 6.7 Å 3.38E+08 n/cm2/s @ 500kW

Ⅲ. PGAA physical design

White beam mode
Neutron Wavelength Spectrum Compare

Normal beam mode

 Neutron Performance at PGAA Sample Position 

 Switchable part is Collimator port, for low background;
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 Detection limit：

Ⅲ. c
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Ⅳ. NDP physical design
 Neutron Depth Profiling Layout

 NDP sample at 33.9m, behind PGAA

 More detectors offer higher count rates

 NI provides a horizontal 2D distribution

 Multiple samples simultaneous measurement
Camera
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 Neutron Performance at NDP Sample Position

Mode Chopper Collimator Flux
White Beam 0.1 Å ~ 12 Å 2 cm × 2 cm 1.18E+09 n/cm2/s @ 500kW

Normal Beam 2.0 Å ~ 6.7 Å 2 cm × 2 cm 9.99E+08 n/cm2/s @ 500kW

Neutron Spatial Distribution
Left: white beam mode

Right: normal beam mode

Neutron Wavelength Spectrum
Red line: white beam mode

Black line: normal beam mode
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Ⅳ. NDP physical design
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 NDP Design Parameters

Depth resolution better than 40 nm

Det. Energy Resolution Det. Solid Angle Beam Spot Size Boron Sensitivity

14 keV @ 5.5 MeV 0.0064 Sr 2 cm × 2 cm ≤ 1 × 1013 atoms/cm2

Det. - Sam. Angle Det. - Sam. Distance Chamber Vacuum Depth Resolution

28.81° 10 cm 1 × 10-4 Pa ≤ 40 nm

Ⅳ. NDP physical design
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Time Content
2025.03 Physical Design Review
2025.10 PGAA/NDP Equipment Design Review
2026.07 Front Neutron Beam Line Installation
2027.01 PGAA/NDP Equipment Installation
2028.11 Neutron Beam Performance Test
2029.07 NPAI Acceptance and Operation

Name Work Email
Songlin Wang PGAA wangsl@ihep.ac.cn
Tiancheng Yi NDP yitch@ihep.ac.cn
Liubin Yuan Engineer yuanlb@ihep.ac.cn

Ⅴ. Summary
 Time Table

 Team Member
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Ⅴ. Summary

 Neutron Physics and Application Instrument have two split beamline, the 

Application port have PGAA and NDP;

 PGAA have Switchable part, Guide port for high neutron flux, Collimator port for 

low background;

 Simultaneous measurements with multiple detectors increase the NDP count rate 

by nearly an order of magnitude, thereby improving the time resolution of in situ 

NDP experiments.
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Thank you for your attention!
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