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A sketch of collective and 
single-particle excitations 

From: “Elementary Scattering Theory For X-ray and Neutron Users“ D.S. Sivia  OUP (2011) 
 



XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 

 

      INELASTIC NEUTRON SCATTERING 
EXPERIMENT       
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INELASTIC NEUTRON SCATTERING: 
THE BASIC EXPERIMENT 
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ANALYSING THE SCATTERING TRIANGLE 
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ANALYSING THE SCATTERING TRIANGLE	
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INELASTIC NEUTRON SCATTERING EXPERIMENT 
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NEUTRON SPECTROSCOPY ON A CONTINUOUS SOURCE 
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Triple Axis Spectrometer 
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“old” HB3, HFIR	



“new” HB1, HFIR	
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TRIPLE AXIS 
SPECTROMETER 
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TRIPLE AXIS SPECTROMETER 
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SCHEMATIC OF A TRIPLE AXIS 
SPECTROMETER 
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TRIPLE AXIS SPECTROMETER 
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TWO DIFFERENT WAYS OF PERFORMING CONSTANT-Q SCAN 
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MAPPING MOMENTUM-
ENERGY (Q-W) SPACE 
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ENERGY RESOLUTION IN DIRECT GEOMETRY RESOLUTION FUNCTION 
 

The next important question after what can be 
measured is,  how precisely it can be measured. 

There is always a degree of 
uncertainty, as to how well Ki and 
Kf can be defined by experimental 
means. 

Scanning a wide resolution 
function across a narrow 
scattering law essentially 
reproduces the resolution 
function 



XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 

 

TRIPLE AXIS SPECTROMETER 
 



XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 



XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 

Phonons in Gallium Arsenide, a III/V semiconductor, is used in the 
manufacture of devices such as microwave frequency integrated 
circuits 
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INELASTIC NEUTRON SCATTERING ON A PULSED SOURCE 
 

From Colin Windsor, Pulsed Neutron Sources 1983 



XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 

 

NEUTRON SPECTROSCOPY ON A PULSED SOURCE 
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TIME OF FLIGTH (TOF) TECHNIQUES 
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TIME OF FLIGTH (TOF) SPECTROMETERS 
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TIME OF FLIGTH (TOF) SPECTROMETERS 
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CHOOPERS 
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How to select neutrons in the range 
1-100 eV ?	



v Mechanical analysers 
(“Choppers”): 

– Neutrons too fast 
v Crystal analysers 

-λ too short 
  Then… 

v Nuclear resonances 
v Two configurations 

possible: 
v RFS (Resonance Filter 

Spectrometer) 
v RDS (Resonance 

Detector Spectrometer) 
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ACCESSIBLE REGION OF (Q, ω) SPACE 

DIRECT 
GEOMETRY 

INDIRECT 
GEOMETRY 



XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 

SPECTROMETERS OPERATING IN DIRECT GEOMETRY 
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TIME OF FLIGTH (TOF) SPECTROMETER-à INDIRECT GEOMETRY 
 

/ Filter	





XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 

 

SPECTROMETERS OPERATING IN DIRECT GEOMETRY 
 

	


	


	


	



	


	


	


	





XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 

TRAJECTORIES IN (Q, ω) SPACE à DIRECT GEOMETRY 
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KINEMATICS RANGE à DIRECT GEOMETRY 
 



XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 



XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 



XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 

KINEMATICS RANGE à DIRECT GEOMETRY 
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KINEMATICS RANGE à DIRECT GEOMETRY 
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ENERGY RESOLUTION OF A CHOPPER SPECTROMETER 

L3 

L2 

L1 
 

Chopper term Moderator term 
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ENERGY RESOLUTION OF A CHOPPER SPECTROMETER 
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EXPERIMENTS ON DIRECT GEOMETRY  
SPECTROMETER 

 

-   Vibrational motions in molecular systems 	
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Inelastic Neutron Scattering: a probe for H vibrations 

Inelastic Incoherent Neutron Scattering measurements of  
water at IPNS 

Toukan et al., PRB (1988) Bratos et al., PRA (1992) 
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@ HET à EXAMPLE OF EXPERIMENT 
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S(q,ω) for ice Ih, @ IPNS 	





XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 

Incident energy 
Range      10–2000 meV 
Resolution (elastic)    1–5% Ei 
Vertical 
Detector coverage    -18–18° 
Horizontal 
Detector coverage    -30–60° 
Minimum detector Angle   3° 

SEQUOIA @ SNS 
http://neutrons.ornl.gov/sequoia/ 
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- Put a sample in the beam ( ice and/or water) 
-  Record  intensity maps as a function of  energy-momentum  
-  Transfers using data reduction (softwares) 
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- data correction: multiple scattering, multiphonon, etc, to obtain 
 S(Q,ω) [from S(ϴ,ω)] 
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50 

 
INS and ab initio electronic structure calculations on 

Results from Inelastic neutron scattering on water 
across the triple point  

 

CMCSN 
 

50 

R. Senesi, et al J. Chem Phys. 2013 

+ 

http://angstrom.ucdavis.edu/ 



XII School of Neutron Scattering F. P. Ricci at Ettore Majorana Fundation and Centre for Scientific Culture (2014) 51 

Make a constant ω cut towards Q=0! 
i.e. for each ω within the range of 
the  stretching band take  
the zero-Q limit by extrapolation. )()(
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g(E): from ab initio electronic 
structure calculations and from INS 

R. Senesi, et al, J. Chem. Phys. 139, 074504 (2013)
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Red-shifted in ice due greater association of the proton 
with the oxygen accepting the hydrogen bond, thereby resulting 
in the weakening of the covalent bond… 
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THANK  YOU 
 
 
 

QUESTIONS? 


