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Career Path Step 1 – Helmholtz Zentrum Berlin
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Career Path Step 1 – Helmholtz Zentrum Berlin

1993 – 1996 PhD in neutron scattering 
  (mostly powder diffraction)

G. Ehlers et al., PRB 63 224407 (2001)
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Career Path Step 2 – Institut Laue-Langevin
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Career Path Step 2 – Institut Laue-Langevin

1997 – 2003 Instrument Scientist at a  
  Spin Echo Spectrometer  
  (IN11 & IN15)
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Career Path Step 3 – Oak Ridge National Lab
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Career Path Step 3 – Oak Ridge National Lab

2003 – present Instrument Scientist at a  
  Time-Of-Flight Spectrometer 
  Built and Operate CNCS at ORNL

P. Das et al., PRL 113 246403 (2014)
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NSE as a FOURIER technique

In the scattering process the neutron exchanges momentum and 
energy with the sample. These are picked up as changes in 
direction and speed. The strong property of neutron scattering is 
that these two quantities are measured simultaneously (as 
opposed to, for example, local probes). 
In order to measure a change, conventional wisdom dictates that 
these quantities need to be established independently before 
and after scattering (we want to calculate a difference). The finer 
the difference desired, the less intensity one is left with. 
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NSE as a FOURIER technique

The basic idea of spin echo is to use the neutron spin to 
intrinsically encode direction or speed on both sides of the 
sample. The difference then can be determined, on average for 
the beam ensemble, without knowing the actual numbers for a 
neutron individually. 
This can be done for the energy (speed) and momentum 
(direction). 
In my talk I will essentially only consider the former case, but 
both cases will be dealt with by others.
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NSE as a FOURIER technique

The benefit is that the reciprocal correlation between resolution 
and intensity is broken. One can have high intensity and high 
resolution at the same time. 
The drawback is that polarized beam is required, which costs 
intensity in itself and adds complexity. 
We will spend one week here of discussing the ins and outs of all 
this.
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The Place of NSE in the neutron scattering landscape

Things to note: 
• Energy resolution can be pushed to <1 neV but doesn’t have 

to be (can be relaxed to 1 meV). 
• Measures in the time domain. 
• Requires polarized neutrons (that’s good or bad depending 

on what you are after). 
• In practice, so far, it has been proven to work best for quasi-

elastic scattering. However, inelastic scattering is also 
possible (this is perhaps a bigger area for future growth).
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Reactor vs Pulsed Source
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NSE at reactor source

https://www.ill.eu
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NSE as it was first realized
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Echo Function with monochromatic beam
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NSE at reactor source (NIST)
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NSE at reactor source (HZB)
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Spin Echo Spectrometers at Reactor Sources

• IN11, IN15 @ILL (IN20 used to have an option, WASP is 
being built) 

• JNS, RESEDA @FRM-II  
• MUSES @LLB 
• NG-5 @NIST 
• iNSE @JRR-3M 
• TRISP, MIRA @FRM-II  
• FLEXX @HZB (SPAN has been decommissioned)
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Spin Echo Spectrometers at Pulsed Sources

• SNS-NSE @SNS 
• VIN-ROSE @J-PARC 
• OFFSPEC & LARMOR @ISIS
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S(Q,t) area coverage at a reactor source
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S(Q,t) area coverage at a pulsed source
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Echo Function with polychromatic beam
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Such installations exist …

H. Seto et al., BBA 1861 3651 (2017)

http://neutrons.ornl.gov/nse
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Wide-band polarizer performance

Courtesy: G. Nilsen
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NSE at a pulsed source first proposed in 1979
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NSE at a pulsed source

Mezei, 1979
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Inelastic TOF NSE

Mezei, 1979
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Inelastic NSE on top of TOF – is it possible?

C. W. Li et al., Nat. Phys. 11 1063 (2015)
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Inelastic NSE on top of TOF – is it possible?
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Inelastic NSE on top of TOF “host” – is it possible?

Sample

B = const.

ππ/2π/2 π/2 and Spin 
Analyzer

Graphite (kf) 
Analyzer

Precession Field

B(t) varies with time

Precession Field

π



Neutron School, Erice, July 1-8, 201732

Inelastic TOF NSE – on top of Backscattering Host?



Neutron School, Erice, July 1-8, 201733

Complementarity with other 
techniques in the energy domain
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Spin Ice

Spin Ice Crystal Structure

Stoichiometry 
   

Ho2Ti2O7, Dy2Ti2O7, (Ho2Sn2O7, 
Dy2Sn2O7)
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Defect-assisted relaxation in a spin ice

G. Ehlers et al., PRB 73 174429 (2006)
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Complementarity with techniques in the energy domain

G. Ehlers et al., J. Phys. Condensed Matter 20 235206 (2008)
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Complementarity with techniques in the energy domain

G. Ehlers et al., J. Phys. Condensed Matter 20 235206 (2008)



Neutron School, Erice, July 1-8, 201738

Complementarity with techniques in the energy domain

G. Ehlers et al., J. Phys. Condensed Matter 20 235206 (2008)
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Complementarity with techniques in the energy domain

G. Ehlers et al., PRB 81 224405 (2010)
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“Odd” things to measure
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Fermi pseudo-Potential in Schrödinger Equation

(1)  neutron refraction  ϕ ∝ λ3

(2)  pseudomagnetic field  ϕ ∝ λ
(3)  magnetic field  ϕ ∝ λ
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Two-Beam Method @IN15

reference beam 
    
     

sample beam

polarizer analyzer

π flipperπ/2 flipper π/2 flipperpolarized 3He 
sample

D1
D2

phase coil

precession coil

detector

O. Zimmer et al., EPJdirect A1 1 (2002)



Neutron School, Erice, July 1-8, 201743

Two-Beam Method @IN15

O. Zimmer et al., EPJdirect A1 1 (2002)
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Two-Beam Method @IN15

O. Zimmer et al., EPJdirect A1 1 (2002)
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Effect from Neutron Refraction

A. I. Frank et al., Physics of Atomic Nuclei 65 2066 (2002)
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Anisotropic diamagnetic susceptibility of graphite
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Effect from Neutron Refraction

fit to 

ϕ  = Aλ + Bλ3 

gives 

A = (198 ± 1) × 10-3 

B = (396 ± 7) × 10-6

A. I. Frank et al., Physics of Atomic Nuclei 65 2066 (2002)
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Translation to Susceptibility

translate A to 
diamagnetic susceptibility χc = Bint / Bext 
    χc = (-0.574 ± 0.003) × 10-3  

measured   χc = (-0.563 ± 0.005) × 10-3  

translate B to 
scattering length density  ρb = (7.2 ± 0.1) × 10-6 Å-2 

table value   ρb = 7.56 × 10-6 Å-2 
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Alternative way to measure, D3 (polarized diffraction)
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Alternative way to measure, D3 (polarized diffraction)

induced magnetic moment: 

0.0056 µB per ring 

measured at D3 (ILL) 

λ = 0.9 Å 
B = 4.6 T
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DONE!

✓ About myself 
✓ NSE at reactor and pulsed sources 
✓ Complementarity with other techniques 

in the energy domain 
✓ “Odd” things to measureQues

tion
s ?


