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INDIRECT GEOMETRY SPECTROMETERS 
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TRAJECTORIES IN (Q, ω) SPACE à INDIRECT GEOMETRY 

Ef= 10 meV 
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RESOLUTION OF  INDIRECT GEOMETRY  SPECTROMETERS 
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CRYSTAL ANALYZER SPECTROMETER 1 à TOSCA AT ISIS 
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ENERGY RESOLUTION FOR TOSCA 
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TOSCAà EXAMPLE OF EXPERIMENT 
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CRYSTAL ANALYZER SPECTROMETER 2à IRIS @ ISIS 
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CRYSTAL ANALYZER SPECTROMETER 2 
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CRYSTAL ANALYZER SPECTROMETER 3 
COHERENT EXCITATIONS - PRISMA 
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 PRISMA EXPERIMENT 
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PRISMA 
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INDIRECT GEOMETRY SPECTROMETERS 
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The Filter Difference Method 
P.A. Seeger, A.D. Taylor and R. M. Brugger,  

Nucl. Instr. Methods A 240, 98 (1985).  

RFS mode 	



Incident neutrons of 
all available  energies 
are generated at t=0	



Scattered neutrons are 
energy selected by the 
filters and recorded 
by scintillators	
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“Filter Difference” (FD) 
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RFS mode 	
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DAE	


FOIL	



SAMPLE	

MODERATOR	



2Θ	


L1	



L2	

 Detectors	



6Li-glass  
Neutron Detectors 

γ   
detectors	



YAP scintillator 

Principles of: 
Resonance Filter Spectrometer (RFS)  
Resonance Detector Spectrometer (RDS)  

RDS 

RFS 

RFS & RDS ON VESUVIO	





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

DINS	



ns	

Sample	



Filter  238U	



γ detectors	



Scattered neutrons	



RDS mode 	
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VLAD	
  

Vesuvio: 

vacuum 
chamber 

VLAD
: 

forward 
det. 

backward 
det. 

Cooled foils 
low angle det. 

vacuum 
chamber 

n 
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Kinematic conditions for measurements 
of high energy excitation 
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VESUVIO (DINS) & e.VERDI (HINS) 
RFS and RDS spectrometer 

•  RDS at very small 
scattering angles 

     (1°< 2θ < 5°) 
•  RDS at scattering 

angles 
     (20°< 2θ < 80°) 
 
•  RFS at backscattering 

angles  

n 

6Li scintillator 

Low angle bank 

Vacuum chamber 

VLAD 
with 

γ detectors 
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VESUVIO: Kinematic conditions 
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Scattering function F(y) for the 3He 
bcc solid sample. Data (full circles); 
best fit (purple line); resolution 
function SD (red line) 

RESOLUTION COMPONENTS 
Geometrical   Gaussian 
Energy  Gaussian&Lorentzian 
•   single difference (SD)  
example U foil 
U resonances: 

   6.7eV,20.7eV,37eV.. 
FWHM (at 6.7 eV)  0.04 eV  
Doppler broadning  

 at RT   0.11 eV  
 at 70 K   0.06 eV 

From Pb sample: VESUVIO resolution determined by fitting  
Lorentzian      Gaussian convolution to the data and subtracting the  
Gaussian component, due to intrinsic width of the Pb sample. 
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 HINS on VLAD Δω /ω resolution 

C. Andreani et al NIM A (1989) 
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 HINS on VLAD Δω /ω resolution 

C. Andreani et al NIM A (1989) 
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 HINS on VLAD Δω /ω resolution 185Re   E1 = 2.16  eV (- -)  

149Sm  E1 = 0.872 eV (- -) 
 238U   E1 = 6.671 eV (__) 
150Sm E1 = 20.7 eV (__) 
149Er  E1 = 79.7 eV (__) 

E1 

 

 
149Er  
150Sm	


238U 
149Sm 
185Re 
 

S. Imberti et al NIM A (2005) 
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Deep Inelastic Neutron Scattering  

     

1.  High q implies, because of Heisenberg indetermination 
principle, scattered neutron explores regions of the 
sample of small dimension, thus suited probe to study single 
particle properties, (no coherent effects from collective dynamics 
inside the system) (Incoherent Approximation); the distance over 
which the neutron phase change appreciably is much lower than 
the typical interparticle distance d:   
 
 
 
2. High ω implies, because of the time-energy indetermination 
principle, that the scattering process occurs in a very short 
time (Impulse Approximation, IA). 

     

    

€ 

2π
q

<< d 

 eV SPECTROSCOPY 
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For a monoatomic system: 
 
 

Impulse Approximation: high q and ω 
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Deep Inelastic Neutron Scattering, DINS	
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 eV SPECTROSCOPY 
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Nuclear quantum effects in Ice, T=296K 	



Courtesy of Roberto Car (Princeton University)	
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n(P) & S(Q,ω)   SCHEMATIC 

Peak width of S(Q,ω) provides  
a direct measure of  <EK> 

Classical system 

  

€ 

n(  p ) = ψ(
 r )exp(i p ⋅  r )d r ∫

2 Momentum Distribution is  
“Diffraction Pattern”  
of Wave function 

€ 

< Ek >=
1
2M

n(p)p2d∫ p

2MkBT 
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(DINS):	


-   <Ek>	


-  n(p)	


	


• (HINS):	


- high energy 	


  excitations	



 eV SPECTROSCOPY 



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

EXAMPLES 
 

Light and heavy particles quantum 
dynamics 
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à excess of <EK> localization 

<EK> & n(p) à PES 

  

� 

n(  p ) = ψ(
 r )exp(i p ⋅  r )d r ∫ 2

� 

< Ek >= 1
2M

n(p)p2d∫ p

Nuclear Quantum Effects




35	



Δx Δp ≥ /2



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

Mean Kinetic Energy of 4He 

DINS on VESUVIO 
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MILANO 16-17 
MARZO 2005	



 
δ =0.63 ± 0.06 

 
 

4He at  2.5 K 

* J. Mayers, et al. 
  JPCM, 9, 10639,(1997)    
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MILANO 16-17 
MARZO 2005	



4He 2.5 K 

           * 
 
* J. Mayers, et al. 
  JPCM, 9, 10639,(1997) 
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Liquid 4He <EK>   > 3/2 KT! 
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DINS in p-H2	
  
N(p)	
  Gaussiana	
  
	
  <EK>TRAS	
  vs	
  T  

 
n  ρ =	
  22.41	
  nm-­‐3	
  

  
u ρ =	
  10.45 nm-­‐3	
  

  
l  Langel	
  et	
  al.	
  	
  

* PIMC 
-­‐-­‐  classic model 
__harmonic model	
  



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

  

QAMTS 2010, Darmstadt  
 

Water: Stable an Metastable Phases 
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Results from H, D and O in D2O 

D2O in p space	

 G. Romanelli, et. al.  J.P.C.L. 4 (19), 3251 (2013).


R. Senesi, et al CP 427, 111 (2013) 
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43 

Simultaneous INS and DINS measurements 
possible at SNS- SEQUOIA beamline 
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44 

Inelastic Neutron scattering: a probe for H vibrations 
and Zero Point Kinetic Energy components… 

For the OH 
Stretching 
range 

Harmonic+decoupling  
assumption 

S(

q,ω)=  d


pn(

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2q2
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(
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EK =
p2

2M

Low wave vector + 
high energy transfers 

High wave vector +high energy transfers 
= Deep Inelastic  Neutron Scattering 

EK ≈ EK OHstr
+ EK bend

+ EK libr
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1- Evaluate the stretching 
kinetic energy from INS data 
(example from SEQUOIA) 
 
2- Use total kinetic energy at 
same temperatures from 
previous DINS data (ISIS-
VESUVIO) 
 
3- Ratio of stretching to total 
kinetic energy is sensitive to 
intermolecular interactions, 
including H-bonding? 

EK =
p2

2M

K

OHK

E
E

For various phases 
and temperatures 

EK   components and H-bond 
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Mean kinetic energy components and H-
bond 

46 
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Supercooled water* DINS 

!

INS +	



DINS and INS 
On SEQUOIA (SNS) 
 
Al   CELL 
THICK = 0.25 mm 
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DINS 
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Neutron Spectroscopy at ISIS
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THANK  YOU 
 
 
 

QUESTIONS? 


