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I. A brief introduction of the NPAI (SNs
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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-'4 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.
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I. A brief introduction of the NPAI

* Prompt Gamma Activation Analysis (PGAA) applicaitions
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Fig.4 PGAA sample ladder made of FTPE can accommodate up
10 5ix samples measured automatically in one batch in possibly
evacuated sample chamber. Five homogenized clay crucible sam-
ples (see fig. 7) are sealed in FTPE foil here. - (© by the authors)

Restaurierung und Archdologie, 2015, 8: 115-124. 6

Measurement of clay crucible sample in FRMII



I. A brief introduction of the NPAI (SNs

* 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 10ns 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.

Vacuum Chamber Advantages:

- High sensitivity for light elements;

Beam

Stop

- Quantitative and non-destructive;

- 10s nm resolution and 10s um depth range.

Applications:

- Battery failure analysis;

Detectors - Microstructural evolution;

_____..__).'

Neutron Beam - Electrode optimization. 7



I. A brief introduction of the NPAI

* In-situ NDP applications
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I. A brief introduction of the NPAI

¢ 3D NDP applications Logo Specimen NDP Profiles 3D Reconstruction
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I1. Moderator

Physics Beam line: Cold neutron convert UCN, require high cold neutron flux, no requirement for

n/p/A/Sr

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.
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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 1nstrument.
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I1. Position

(SNs

CSNS II Neutron Instruments

BLO3: Liquid reflectometer

12

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

The position of NPAI >



o 11 Available space {SNS

Physics Beamn

The location of NPAI The plan view of NPAI
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o 11I. PGAA physical design (sns

O Prompt Gamma Activation Analysis Layout
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I11. PGAA ph

] Neutron Performance at PGAA Sample Position

sical design { SNS

» Switchable part is Guide port, for high neutron flux;

Mode Attenuator Chopper Flux
White Beam Ooff 0.1A~12A 3.57E+09 n/cm?/s @ 500kW
Normal Beam Off 2A~67A 2.80E+09 n/cm?/s @ 500kW
Low flux On 2A~67A 3.52E+07 n/cm?/s @ 500kW
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II1. PGAA physical design

] Neutron Performance at PGAA Sample Position

» Switchable part is Collimator port, for low background;

Mode Attenuator Chopper Flux
White Beam Off 0.1A~12A 4.13E+08 n/cm?/s @ 500kW
Normal Beam Off 2A~6.7A 3.38E+08 n/cm?/s @ 500kW
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[0 Detection limit:

Summary of Prompt Gamma Activation Analysis example detection sensitivities
for the Neutron Physcis and Application Insturment at China Spallation Neuton Source
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* Detection limit based on 0.001 cps, 0.001% geometric efficiency, and a neutron intensity of 3.57 x 10° n/cm’/s.
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o IV. NDP physical design (Sns

Q Neutron Depth Profiling Layout
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IV. NDP physical design

A Neutron Performance at NDP Sample Position

( SNs

Mode Chopper Collimator Flux
White Beam 0.1A~12A 2cm X 2 cm 1.18E+09 n/cm?/s @ 500kW
Normal Beam 20A~6.7A 2cm X 2 cm 9.99E+08 n/cm?/s @ 500kW
nlcm?’/s n/cm?/s
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» IV. NDP Ehzsical design {(SNS

(1 NDP Design Parameters

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

14 keV @ 5.5 MeV 0.0064 Sr 2cm X 2 cm <1 x 103 atoms/cm?
Det. - Sam. Angle Det. - Sam. Distance Chamber Vacuum Depth Resolution
28.81° 10 cm 1 x 10 Pa <40 nm
Summary of Neutron Depth Profiling reaction characteristies and example detection sensitivities
for the Neutron Physcis and Application Insturment at China Spallation Neuton Source 1.0
No. Elem. Reaction % Abundance or | Particles Energy Cross Section Detection Limit n
( atoms/mCi )* (keV) (barns) ( atoms/cm®)"
1 He SHe(n,p)°H 0.00014 572 191 5333 2.27E+17 084 nm ftaser
2 Li ®Li(n,a)’H 7.5 2055 2727 940 2.40E+13 P M
3 Be® "Be(n,p)’Li (2.5%10™) 1438 207 48000 3.14E+10 § 0.6
4 B B(n,0)’Li 19.9 1472 840 3837 2.35E+12 % .
5 N “N(n,p)*‘C 99.6 584 42 1.83 9.30E+14 E 0.4
6 o Om,a)*C 0.038 1413 404 0.24 1.90E+19 E
7 Na® Na(n,p)**Ne (4.4 x10") 2247 103 31000 6.20E+10 = _
8 S BS(na)’si 0.75 3081 411 0.19 2.62E+18 021
9 al *Cl(n,p)**s 75.8 598 17 0.49 4.66E+15 1 K 10nm J l l A
10 K “K(n,p)*"Ar 0.012 2231 56 4.4 2.89E+18 0.0 . VAN L d
11| N | ONimw Fe | (13x10°) | 4757 | 340 12.3 1.44E+14 0 500 1000 1500 2000
Energy (keV)

* Radioactive specics.

" Detection limit based on 0.1 cps, 0.0064 Sr detector solid angle, and a neutron intensity of 1.18 x 10’ n/cm’/s.

Depth resolution better than 40 nm

22
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» V. Summarz ( SNS

> Time Table

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

> Team Member

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

Liubin Yuan Engineer yuanlb@ihep.ac.cn

24
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» V. Summarz ( SNS

» 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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