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Proliferation of high-power lasers 

TDLI  Laboratory Astrophysics 
Platform (LAP) : 

single shot mode: 62 J in 20 fs 3 PW
100 Hz mode: 80 mJ in 20 fs, 4 TW

Higher peak power 

Higher repetition
Better beam quality 
/manipulation

Li et al., Laser & Photonics Reviews (2023) Siders and Haefner, LLNL-TR-704407 (2016) 1
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Laser driven acceleration and neutron sources

Laser plasma accelerator:
≈100 GV/m

RF accelerator:
≈100 MV/m

Laser Wakefield Acceleration (LWFA) Photonuclear reaction

Xu et al., Nuclear Science and Techniques(2025)

Jang et al., Electron linear accelerator for medical 
radionuclide production(2023)
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Fast Neutron absorption spectroscopy (FNAS)
Heritage reservationNondestructive detection Potential solution for 

nuclear science puzzle 

https://en.wikipedia.org/wiki/TNT
Buffler et al., Radiation Physics and Chemistry(2004)

Tang et al., Nuclear Science and Techniques(2024) Pellegriti et al., Phys. Rev. C, (2008) 
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Experimental design Laser parameters: 

45 mJ on target in 20 fs 
OAP with ݂# = 3.81, ݓ = ݉ߤ 1.94
peak intensity of 5.02 × 10ଵ଼ ܹ ∕ ܿ݉ଶ

Converter and absorber parameters: 

Converter: 10 cm lead( natPb)
Absorber: 5 cm magnesium( natMg)Mg absorber

11.3 m
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Neutron signals by n-Time of Flight (n-ToF)
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൫ߛ + 1)ଷܧଷ
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Single neutron counting (SNC) signal

Reconstructed neutron energy spectrum with Mg

 Photonuclear neutron
ｘMultiple-Scattered neutron

ｘ Prompt gamma-ray
ｘ In-beam gamma-ray

A. S. Moore et al., Rev. Sci. Instrum, (2023)
Qi et al., Physics of Plasmas, (2019) 5
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Refined neutron spectrum with Mg absorber
Pulse shape discrimination (PSD) result 

Charge comparison method (CCM)

PSD=
ܳ − ܳௌ

ܳ

long gate ܳ (QDC), 80 ns 

short gate ܳௌ, 20 ns 

Neutron spectrum after PSD

natMg cross sections (n,total)
by ENDF/B-VII.1(USA, 2011)

 Absorber: 5cm Mg, with 
natural abundance

 Successfully extract 
photonuclear neutron signal 
from background 

 The resonance structure 
(marked as star ★)is clear 
resolved and accurately
positioned

X. Xi et al., Rev. Sci. Instrum, (2023)6
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Fast neutron absorption spectroscopy analysis

Theoretical transmission ࢀ

ܶ ܧ = ෑ ݁ି ఎఙ ா
ଷ

ୀଵ

 ߟ is the natural abundance. 
 ݊ is the volumetric number density
 ݈ is the target thickness
 (ܧ)ߪ is the energy-dependent microscopic 

cross section of the ݅௧ magnesium isotope

Exp. transmission ࢞ࢋࢀ
ܶ௫ ܧ = ܻ ܧ ∕ ܻ௨௧ ܧ

Local Pearson correlation evaluation

ݎ =
∑ ்exp,ೕି்exp ்theory,ೕ

ି்theory

ೕసభ
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మ
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మ
ೕసభ

 ݎ = ܸ݁ܯ 0.268 @ 0.91
 ݎ = ܸ݁ܯ 0.432 @ 0.93
Strong agreement confirms system capability to 
accurately resolve fine resonance peak location!
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Discussion
What is the merits of Laser driven neutron source (LDNS) for FNAS? 

Ultrashort neutron source time duration Compact and portable  

Pomerantz et al., Phys Rev Lett(2014), Yalçın et al., NIMA (2022)
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Summary

Single neutron counting n-ToF techniques 

Frequency Laser Driven Neutron Source (LDNS)
5 × 10 ݊ ⁄ݐℎݏ

High precision,
High resolution,

High signal to noise ratio
neutron spectrum measure

Realizes Epithermal and first Fast Neutron Absorption Spectroscopy (FNAS) by LDNS: 
Fast neutron: Magnesium resonance structures @ 0.268 MeV and 0.432 MeV 

Epithermal neutron: Indium and Silver resonance structures @ 5.19 eV (In) and @ 1.46 eV (Ag).
details will be presented by Dr. J. Feng, Th. 4:55 p.m. Room V6, 4th floor.

Shows strong potential for non-destructive testing application and nuclear science
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Future work

• Q: Higher efficiency?

A: High frequency supersonic gas jet 
generator and differential chamber system  

• Q: Higher resolution?

A: Optimized converter/absorber and 
detection system

• Q: Higher signal to noise ratio?

A: Better scintillator detector and advanced 
PSD technique 
etc. CLLB (Cs₂LiLaBr₆:Ce) scintillator with ANN

Monzac et al., arXiv:2410.21309 (2025) Greb et al., Instruments (2024)

Song et al., EPJ Web of Conf. (2024) 10



Thank you for your listening!
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GDR and Photonuclear process


