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Large structures (polymers, biomolecules, etc.) and phase transitions imply slow dynamics
→ use cold neutrons for low energy transfers, tricks like backscattering geometry

But: resolution of conventional spectrometers are inverse proportional to intensity!
(better monochromator →Δλ/λ  smaller → better resolution, but less neutrons)

Goal: decouple resolution from intensity!



  



  



  

Larmor Precession of a Neutron Spin in magnetic Field

B

s

d s⃗
dt

=γ s⃗ x B⃗ ωL=γB

γ =2912∗2πGauss−1 s−1

=1.832⋅108 T−1 s−1

=29.164MHzT−1

gyromagnetic ratio:

The expectation value of the spin 
of a spin-1/2 particle in magnetic 
field is:

B

Application: π or π/2 Flipper
                   (Mezei Flipper)



  

NSE monochromatic
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Spin Phase accumulated in field:
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Energy transfer in quasielastic scattering:
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P(Q, τ)=⟨σ x⟩=⟨cosΦ⟩=∫S(q,ω)cosω τNSEdω=I(q, τNSE)

Φ2=γB0
2⋅t2=γB0
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Depends only on difference of velocities
Triple axes: k

i
 and k

f
 absolutely measured!

Intermediate scattering function

Φ=ω⋅τ



  

NSE polychromatic

P(Q , τ)=⟨σ x⟩=⟨cosΦ⟩=∫ f(λ)S(q,ω)cosω τNSEdω=I(q, τNSE)

Intermediate scattering function

Wavelength distribution
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ideal: J = B⋅l

real: J = ∫B⋅dl

Field Integral J



  

Semi-classical description of NSE

Quantisation direction along x
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Potential energy in mag. field



  

Spin Echo Group

Neutron counts

Fit to data

P = Ampl / Avg Max Count = Echo Point

Average Count

Envelope: depends on shape of neutron spectrum given by velocity selector f(v)

Instrument set at 
spin echo time τ

1



  

S(Q,ω)∝ Γ
Γ2+ω2P(Q, t)=

∫[Γ2+ω2]−1 cos(ω t)dω

∫[Γ2+ω2]−1 dω
=e−Γ τ

FT

Consider quasielastic scattering
To be Lorentian:Exponential decay

exp(-Гt)

Г



  

Dynamic Scattering 
Function
S (Q, ω)

Intermediate 
Scattering Function 

I(Q, τ)

Van Hove Correlation 
Function
G(R,t)

G(R,ω)

Fourier Transform

NSE directly measures the 
intermediate scattering function I(Q,τ)

Measured by NSE!



  

Schematic Realisation of an NSE Instrument  
J-NSE, MLZ



  

IN15 (old)

IN11c

IN11

IN11 was the first NSE
BL = 0.27Tm
50ns @ 10Å

ILL, Grenoble (France)

Old IN15:  BL = 0.27Tm
                 Up to 250ns 
New IN15: BL = 1Tm
                  1 µs @ 18Å



  

NG5-NSE @ NIST, Gaithersburg

Jülich NSE @ SNS Oak Ridge

● Superconducting magnets
● BL = 1Tm
● 350ns @ 14Å  
● µ-metal chamber

● Similar to J-NSE @ MLZ
● BL = 0.438Tm



  

Correcting field imperfections:

Fresnel coils: Shifter:

Φ(λ)=γ
∫B⋅dl

v

B



  

Correcting field imperfections:

Fresnel coils: Shifter:

Φ(λ)=γ
∫B⋅dl

v

B



  

Neutron Spin Echo – Takeaway messages

NSE breaks the relationship between intensity & resolution

● Traditional Instruments – define both incident and scattered 
wavevectors in order to define E and Q accurately

● Traditional Instruments – use collimators, monochromators, choppers 
etc to define both k

i
 and k

f

● NSE – measure the difference between appropriate components of k
i
 

and k
f 
(original use: measure k

i 
- k

f  
i.e. energy change)

● NSE – use the neutron’s spin polarisation to encode the difference 
betweeen components of k

i
 and k

f

● NSE – can use large beam divergence and /or poor 
monochromatisation to increase signal intensity, while maintaining 
very good resolution

Stolen from: Faraone Methods and Applications of SANS, NR and NSE, (2012)



  

Only few % protonated chains in a deuterated matrix

Example: de Gennes reptation in polymers

A. Radulescu, JCNS, (2014)



  

(Longitudinal) Neutron Resonant Spin Echo

τNRSE=
2 ℏ γB0 L

mv3
=

2 ℏωL

mv3
=2 τNSE

NRSE: Goulob, Gähler
LNRSE: Häußer, Schmidt



  

NRSE and triple axes spectroscopy

TRISP @ FRMII



  

Modulation of Intensity by Zero Effort  (MIEZE)

τMIEZE =
h
m

⋅
LS(ωB−ωA)

v3

=
m2

πh2
⋅LS(ωB−ωA)λ

3



  

Ferromagnetic Fluctuations in Fe near T
c

J. Kindervater, PhD thesis, 2015
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