
VIII School of Neutron Scattering ”Francesco Paolo Ricci”

Structures and Dynamics of Magnetic Systems

Intermultiplet transitions in Pr: Monte

Carlo simulations of High Energy

Inelastic Neutron Scattering

experiments
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Intermultiplet transitions of rare-earths metals and compounds extend in the eV range. High

energy Inelastic Neutron Scattering measurements allow to complement and extend optical

measurements into the eV range, including their wavevector dependence. A tutorial on

Monte Carlo simulation codes allowing to predict the performances of eV spectrometers for

intermultiplet transition experiments is presented.
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Typical splitting of levels in a rare-earth system due to the 4f

electrons lie in the hundreds of meV to eV range.
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Kinematic range:

h̄2Q2

2m
= E0 + E1 − 2

√

E0 E1 cos θ (1)

where m is the neutron mass.
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Kinematical restrictions to high energy - low wavevector trans-

fers.

Inverse geometry (E1 fixed) unlimited in energy loss.
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This means final energy in the ≥ 10 eV: i.e. detection and energy

selection technologies for eV neutrons. VESUVIO spectrometer.

1) Resonant detector configuration
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VESUVIO spectrometer.

2) Very Low Angle Detector bank

Scattering angles in the range 1◦ ≤ φ ≤ 4◦
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Background: Intermultiplet transitions observed in metallic Pr in the range: 0 ≤ h̄ω ≤ 1600

meV;1 ≤ Q ≤ 15 Ȧ−1; (A.D. Taylor et al., PRL, 61, 1309 (1988)). Transition 3H4 →1 G4

@1170 meV was not observed.

Proposed experiment using the VLAD detector on VESUVIO.
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Assessment of experiment through a Monte Carlo simulation of

the scattering spectra. USE of DINSMS code (J. Mayers et al.

NIM-A 481, 454 (2002).
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Tutorial task: simulate scattering spectra from Pr using VLAD

detector bank on VESUVIO. Estimate Q, h̄ω range accessed on

each fixed-angle element.
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1 1 Fortran source code file - 1 executable

2 1 command file

3 1 instrument parameter file

4 output: ascii files of time of flight - intensity spectra
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Notes on source code: 1) energy analyser: 238U resonant filter
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Notes on source code: 2) γ detectors for tagging in time the

radiative resonant absorption in 238U filter. 3) Partial differential

cross section: nuclear+magnetic scattering.

d2σ

dΩdE1
=

k1

k0
σnSn(Q, ω) +

k1

k0
r20 G(Q;µ, ν) δ( h̄ω + Eµ − Eν) (2)
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Notes on instrument parameter file:
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Example of a time of flight spectrum:
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Example of an S(φ, ω) spectrum:

h̄

Å
−1
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• Simulate tof spectra

• Transform into S(φ, ω)

• Adjust simulation parameters

• Estimate Q-dependence


