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• ILL statistics 
– 40% of the +40 instruments propose a polarised neutron option 
– 25% of the total beamtime exploits a polarised beam option 

• Neutron beam polarisation vector 
• Spin flippers 
• 3He spin filters and flippers 
• Zero-field polarimeters

Polarised Neutrons & SE
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Polarised Neutrons & SE
Introduction

• The neutron 
– no electrical charge (no Lorentz force) 
– 2-state angular momentum (Stern-Gerlach) 

• The neutron beam polarisation 
– overall average of neutron angular momentums 
– behaves like a classic vector in space

N
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• In a magnetic field, the polarisation rotates around the 
field in a Larmor precession with the frequency: 

•When crossing a magnetic field region of length , the 
polarisation rotates by:

ℓ

Polarised Neutrons & SE
Action of a magnetic field

ωL[rad/s] = 18325 B[Gauss]

ϕ[deg] = 2.65 λ[Å] B[Gauss] ℓ[cm]
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• If the guiding field rotates slowly compared to the 
Larmor precession frequency, the polarisation is 
transported adiabatically.

Polarised Neutrons & SE
Action of a magnetic field

Sept. 19, 2006 PNCMI 2006 School, Berlin 10

Solution in a turning fieldSolution in a turning field

• The polarization vector in a
reorienting guide field

– Depends on adiabaticity parameter
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•For large E, the "longitudinal"
component rotates adiabatically with
field. Zeeman energy is conserved.

•For very small E, the field is abruptly
flipped, the  polarisation direction stays
as it was. Change in Zeeman energy
(60.31 neV/Tesla)

E =
ωL

ωB
≫ 30

Adiabaticity rule
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• If the guiding field rotates slowly compared to the 
Larmor precession frequency, the polarisation is 
transported adiabatically.

Polarised Neutrons & SE
Action of a magnetic field

E =
ωL

ωB
≫ 30

Typically, for a 90° rotation over 10 cm

λ [Å] 0.4 1 4 10

E [meV] 511 81.8 5.11 0.82

B [Gauss] 255 102 25 10

Adiabaticity rule
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• If the guiding field rotates slowly compared to the 
Larmor precession frequency, the polarisation is 
transported adiabatically.

Polarised Neutrons & SE
Action of a magnetic field

Typically, for a 90° rotation over 10 cm

λ [Å] 0.4 1 4 10

E [meV] 511 81.8 5.11 0.82

B [Gauss] 255 102 25 10 ⚠
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Polarised Neutrons & SE
Spin flippers

• Mezei’s flipper: sensitive to environmental magnetic fields, neutron 
wavelength dependent, for cold and thermal neutrons only

NEUTRON SPIN ECHO SPECTROSCOPY 5

field direction. On the one hand this implies that any sudden changes in direction
of the guide field HG must be avoided if beam polarisation is to be preserved, on
the other hand it also provides a mechanism for changing the direction of the
polarisation with respect to the guide field (for example by p/2 or p) in a controlled
fashion.

The Mezei spin flipper [2], an essential component of all neutron spin echo spec-
trometers, relies upon such a controlled non-adiabatic process to rotate, or flip, the
direction of the polarisation of the neutron beam with respect to the guide field. In
its simplest form the Mezei flipper consists of a solenoidal coil of rectangular cross
section with its axis, and therefore internal flux density BC perpendicular to the
beam direction, and at a specified angle to the external guide field, BG (fig. 2). The
neutrons entering and leaving the energised coil through the current-carrying coil
windings experience an abrupt non-adiabatic flux density reversal, but whilst inside
the coil their polarisation precesses through an angle determined by the direction
and magnitude of the internal resultant flux density, BR = BG + BC, the thickness of
the coil, d, and the neutron velocity, v.

BR = BG + BC
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Figure 2 - a - A schematic layout of the Mezei p/2 spin flipper coil assembly in the
neutron beam, showing the relative orientations of the guide field BG, the coil field
BC and the resultant field within the spin flipper, BR. b - The p -precession of the
neutron polarisation around the resultant field, BR, on traversing the p/2-flipper coil,
resulting in a p/2 rotation of the polarisation vector from the z- to the x-direction.
Note that a similar geometry, but with BR ≈ BC >> BG, enables a p-flip of the neutron
polarisation around the x-axis thereby reversing its y component.

So, for example, to effect a p/2-rotation of the polarisation with respect to the
external guide field, BR should be at an angle of 45o with respect  to the direction of
the guide field, whilst the magnitude of BR should be such that the neutron
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Polarised Neutrons & SE
Spin flippers

• RF flipper: in the rotating frame of the neutron, the polarisation follows 
the effective field and rotates adiabatically.

wavelength independent 
no material in then beamRF Coil

guiding field

beam 
polarisation
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Polarised Neutrons & SE
Spin flippers

• RF flipper 

– compact 

– wavelength independent  

– no material in the beam 

– +99.4% efficiency 

– but depend on 
environmental field

D22 - 2005
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Polarised Neutrons & SE
Spin flippers

• Cryoflipper (Tasset’s flipper): neutron wavelength independent, operates 
in 400 G stray field, 99.9% efficiency down to 0.3 Å

0.1 - 1 mm thick superconducting Nb foil

incident nutator outgoing nutator

⃗B magnet

soft 
magnetic 
material

⃗B nutator
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Polarised Neutrons & SE
Spin flippers

• Cryoflipper (Tasset’s flipper): neutron wavelength independent, operates 
in 400 G stray field, 99.9% efficiency down to 0.3 Å

⃗B ⃗B

T > TC T < TC Meißner effect
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Polarised Neutrons & SE
Spin flippers

• Cryoflipper (Tasset’s flipper): neutron wavelength independent, operates 
in 400 G stray field, 99.9% efficiency down to 0.3 Å

0.1 - 1 mm thick superconducting Nb foil

guiding field 
(<150 Gauss)

beam 
polarisation

incident nutator outgoing nutator

environmental field 
guided by nutators



ISSE School  • 18-23 Jan . 2026 • E . Le l ièvre-Berna

Polarised Neutrons & SE
Spin flippers

• Cryoflipper (Tasset’s flipper) 

– 3-week autonomy with 10 litres of  
liquid He 

– 24-h autonomy with 10 litres of liquid 
N2 (auto-refill) 

– must be cooled down in zero-field! 

– high-Tc version with cryocooler possible 
but limited in beam size and field 
strength
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Polarised Neutrons & SE
3He spin polarisers & flippers

• Spin dependent absorption 

• 3He spin filters are characterised 
by their opacity: 

• The total transmission and 
polarising efficiency are:

Tn ∝ cosh (𝒪P3He)
Pϵ = tanh(𝒪P3He)

≃ 0.0732 p[bar] ℓ[cm] λ[Å]
𝒪 = N ℓ σ∦

polarised 3He filling station Tyrex2
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Polarised Neutrons & SE
3He spin polarisers & flippers

Quartz cell Si-windowed 
cell

Banna-shaped 
Quartz cell

magneto static cavity

• Spin dependent absorption 

• 3He spin filters are characterised 
by their opacity: 

• The total transmission and 
polarising efficiency are:

Tn ∝ cosh (𝒪P3He)
Pϵ = tanh(𝒪P3He)

≃ 0.0732 p[bar] ℓ[cm] λ[Å]
𝒪 = N ℓ σ∦
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Polarised Neutrons & SE
3He spin polarisers & flippers

©Ecliptique - L. Thion

• 3 T HTS Magnet 
๏ horizontal field  or  to beam 
๏ for SANS and reflectometry 
๏ Ø81 warm bore 
๏ Ø42 dual heat-exchanger cryostat 
๏ 40 mK to 300 K 
๏ optimised for polarisation analysis 

with a 3He spin filter

∥ ⊥
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Polarised Neutrons & SE
3He spin polarisers & flippers

•With high-field magnets 
– Cryopol-1 (Cryogenic polariser)

homogeneous
trapped field
 (8 Gauss)

Liquid
N2

jacket

Liquid He
bath

Meissner
cylinder

3He cell
beam axis

µ-metal box
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Polarised Neutrons & SE
3He spin polarisers & flippers

•With high-field magnets 
– Cryopol-2: 20x7 cm2 beam section

pulsed tube cryocooler

soft Fe 
+ 

µ-metal
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Polarised Neutrons & SE
3He spin polarisers & flippers

•With high-field magnets 
– Cryopol-2 on D3, D1B, D20 at ILL
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D20 - Cryopol - July 2008

90 cm between axes
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Polarisation & SE
3He spin polarisers & flippers

Cryopol 
on D1B

"Tetrapack" 
3He cell
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Polarised Neutrons & SE
3He spin polarisers & flippers

•Wide-angle spin analysis
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Polarised Neutrons & SE
3He spin polarisers & flippers

•Wide-angle spin analysis

PASTIS 3 on IN20 with FlatCone - 2021
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Polarised Neutrons & SE
3He spin polarisers & flippers

•Wide-angle spin analysis

PASTIS 3 for TOF in construction

Time-of-Flight 
version in 

construction 
for PANTHER

cryostat

3He cell

beam
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Polarised Neutrons & SE

• Cryopad (Cryogenic Polarisation 
Analysis Device) 

• sample in zero field, typically 
between 0.1 to 0.5 µT 

• manipulates the polarisation 
before and after the sample 

• 1° absolute precision without 
special care, 0.1° with fine tuning 

• hot, thermal and cold neutrons

Manipulation of the beam polarisation

Cryopad-III - January 2003
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Polarised Neutrons & SE
Manipulation of the beam polarisation

≈0.1 to 0.5 µT 
sample chamber

incident 
precession field

outgoing 
precession field

incident nutator 
5-15 mT

outgoing nutator 
5-15 mT

basic principle of Cryopad
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Polarised Neutrons & SE
Manipulation of the beam polarisation

• Cryopad (version 3) 

– small and large models at ILL, J-RR3 
and FRM-2

FI
EL

D
MAP

ON MEISSNER SCREEN

Nitrogen jacket

Helium bath

µ-metal screen

output Larmor

precession coil

input Larmor

precession coil

Eulerian cradle

4K pulse-tube

   cryorefrigeratormotors

20x20 mm2

beam section
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Polarised Neutrons & SE

superconducting Nb foil

soft magnetic 
material at 4 K

superconducting 
NbTi coil

superconducting 
NbTi coil
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Polarised Neutrons & SE

⃗B in
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Polarised Neutrons & SE

⃗B out
⃗B out
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Polarised Neutrons & SE
Sample orientation inside Cryopad

  3 < T < 320K 
 -30 < χ < +210° 

-180 < φ < +180° 
  -40 < 2θ < +120° 
≈0.1° reproducibility 

• remotely controlled 
• 2 units exchanged between 

experiments
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Polarised Neutrons & SE
Sample orientation inside Cryopad

 controlϕ controlχ

DLC coating
4 K stage

flexible arms
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Polarisation & SE
Sample orientation inside CryopadCryopad on D3

D3B - Cryopad - January 2003

Polarised Neutrons & SE
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Polarisation & SE
Sample orientation inside CryopadCryopad on IN22

IN22 - Cryopad - 2003

Polarised Neutrons & SE
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Many Thanks 
for your Attention


