
NEUTRON DIFFRACTION & THZ SPECTROSCOPY :  

complementarytools to probe complexmagneticphases

S. DE BRION   nov2020

1. The THz range : Electromagnetic waves versus Neutrons
2. Example in multiferroics : electro-magnons
3. Examplein frustrated magnets : the spin ice candidate
4. Other original examples
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Electricandmagneticfields

1. Electro-magneticwaves
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1. The THzrange in the electromagneticspectrum
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1. The THzrange in the electromagneticspectrum



2011 Wavelength (mm)
3            0.3         0.03      0.003

1. The THzgap

2021

PhotonicsElectronics

Synchrotonbase THzemission
Time domainspectrometers
FEL strongTHzpulses

Time domainspectrometerat TeraFERMI
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Fourier transform spectroscopy
Transmission : T = I / I0Ғ exp(-a d )
Absorbance : Abs= -[ƻƎ ό¢ύ Ғ a d

Absorption  a( w)

dissipative part of the susceptibility
c2 (w, 0)  electric/ magnetic according to EM 
polarization and sample symmetry 
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THzwave:
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1. THz spectroscopy

AILES

CEF excitations in HoMnO3

X. Fabrègeset al 
PRB 2019
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7DISPERSION CURVES : 
Position in energyW( K )
Intensitymap I = form factor    x   dissipative part of the 
susceptibility
c2 (W, K) ̂ K

MAGNETIC AND ATOMIC PROBE :
[ƻǿ Y Ҧ magneticcontribution
ƭŀǊƎŜ YҦ atomiccontribution

PolarisedƴŜǳǘǊƻƴ Ҧ magnetic/atomiccontribution

Neutrons :                      

k, w

K, W
k=ƪΩ+K

w=wΨ+W

Sample

ƪΩ, wΩ

1. Ineslasticneutron scattering

CEF excitations and magnons in ErMnO3

L. Chaix et al 
PRL 2019



Neutrons :                      

k, w

K, W
k=ƪΩ+K

w=wΨ+W

Sample

e h

THzwave:

optical

acoustic

DISPERSION CURVES
W( K )
c2 (W, K) ̂ K

MAGNETICAND ATOMICPROBE

Wholereciprocalspace

ABSORBTION CURVES
Wό Y Ғ лύ
c2 (WΣ Ғ лύ

MAGNETICAND ELECTRICPROBE

Smallersample
Increasedenergyresolution

Sample

1. Electromagnetic waves versus Neutrons
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1. THzpropertiesin condensedmatter probedwith EM waves

SINGLE ATOMS (MAGNETIC / ELECTRIC)
AND ORDERED PHASES (ATOMIC/ELECTRIC / MAGNETIC)

HAVE CHARATERICS EXCITATIONS IN THE THzRANGE

Phonons



Static/ dynamicalproperties
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Magneticmoment / 
magneticfield

Dipolarelectric
moment / Electric 
field

Spin waves/ Magnon

Latticevibration / 
Phonon

Pimenovet al, Nature 2006 

Magneto-electriccoupling

Electromagnon

2. Example :  Multiferroics



A. PIMENOV et, Nature Physics 2006 
Orthorhombic RMnO3

0                        1 0                        1 THz

2. Electro-magnons in multiferroics

Electro-magnon

Bare magnon

Magnon dressedwith electric charges thanks to 

magneto-electric coupling

A magnonthat is excited by the electric field 
of the THz wave



2. Hexagonal manganites : ErMnO3 /YMnO3

h//c

h ĉ ? 
M1

M2

M2

THzSpectroscopyat AILES @ SOLEIL
L. Chaix et al, PRL 2014

c

Ferroelectric order at 800 K
(Mn) Magneticorder at 80 K



THzmeasurements
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Neutron measurements

2. Hexagonal manganites : ErMnO3



Radio               micro IR          UV               X rays           
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2. THzpropertiesin condensedmatter probedwith EM waves

COUPLING MECANISMS between RARE EARTH 4f / 3d TRANSITION ELEMENTS :
Electric activity probed by EM wave

Magneticactivity probed by EM waves and neutrons

Phonons

L. CHAIX & al PRL 112, 137201(2014)            X. FABREGES & al PRB 100, 094437 (2019)
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3. THzpropertiesin condensedmatter probedwith EM waves

Phonons

SIGNATURE OF A COMPLEX MAGNETIC PHASE : 
the quantum spin iceTb2Ti2O7

E. Constable & al      PRB (R) 2017
K. Amelin, Y. Alexanian& al      PRB 2020 



Ground state
Tb2Ti2O7

Ho2Ti2O7

Pinchpointsbut AF 
interactions 

TTO groundstate ???

Pinchpoints : 
signature of divB= 0 on each

tetrahedron(icerule)

T.Fennell& al, Science 326 (2009)T.Fennell& al, PRL 109 (2012)

3. TTO Similarities with spin ices

« 2 in ς2 out » 
degeneratestate 
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Spin ice


