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5He ground state inferred from forward fit to TT data 

Input to synthetic data 

Energy-dependent IRF 

2.45-MeV IRF 

T+T Ą 5He + n 
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Summary 

Å The shape of the IRF changes with incident neutron energy 

Å The matrix representation of the convolution is used to incorporate the energy-
dependence of the IRF 

Å The energy-dependent IRF is needed to infer the correct lifetime and branching 
ratios of nuclear states (e.g., 5He states inferred from TT data*) 

It is necessary to use an energy-dependent IRF to accurately infer parameters 
from nTOF data that span a wide range of energies 

____________ 

IRF: instrument response function 

nTOF: neutron time of flight 

* M. Gatu Johnson et al., Phys. Rev. Lett. 121 042501 (2018). 

Accurate neutron spectroscopy is now possible over a wide range of energies (e.g., areal 

density in cryogenic experiments, inelastic reactions involving DT neutrons on D or 7Li).  
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The measured signal from an nTOF detector can be written as a function of time 

of arrival at the detector 

Ã = 

Total IRF TT model Fit function 
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Å If the IRF varies slowly with neutron energy*,**, ╡╔ȟ◄ ◄
╡╔ ╔ȟ◄ ◄ ╡ ◄ ◄ , so the fit function becomes 
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Å The integral can be written as a matrix multiplication 
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where T is a Toeplitz matrix of the response vector with shape Nm x Np 
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Previous work assumes that the IRF varies slowly with incident neutron energy 

____________ 

 * R. Hatarik et al., Journal of Applied Physics 118 184502 (2015). 

** E. P. Hartouni et al, Review of Scientific Instruments 87 11D841 (2016). 
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Å Each column in the matrix represents a monoenergetic IRF 

The energy-dependent convolution replaces the matrix elements with rows that 

are energy dependent* 

____________ 

 * Z. L. Mohamed, O. M. Mannion, E. P.  Hartouni, J. P. Knauer, and C. J. 

Forrest, submitted to Journal of Applied Physics   
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Å The x-ray response Ą impulse response 

Å Neutron interaction response Ą neutron transport through the detector 

IRF shape is a function of neutron energy 

A monoenergetic IRF can be constructed by convolving a measured x-ray 

response with a calculated neutron interaction response 

Neutron interaction 

response (MCNP) Average x-ray response Total IRF 
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Use of the energy-dependent IRF accurately infers the widths and masses of the 
5He states from TT nTOF data* 

____________ 

** M. Gatu Johnson et al., Phys. Rev. Lett. 121 042501 (2018). 

** B. Lacina, J. Ingley, and D. W. Dorn, Lawrence Livermore 

National Laboratory, Report UCRL-7769 (1965). 

T+T  Ą 5He + n 

 Ą 5He* + n 

 Ą 4He + 2n (Lacina**) 

 

Input to synthetic data 

Energy-dependent IRF 

2.45-MeV IRF 

Inferred 5He ground state Forward fit to TT synthetic data 


