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Introduction
  •  Perfect crystal interferometers

Applications
  •  Historic experiments
  •  Quantum mechanics



Neutron Interferometry, H. Lemmel, 1.10.2024 /  282

Neutron Interferometry Setup S18 @ ILL

S18: CRG instrument, TU Wien, Atominstitut
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Neutron beam splitters

Mach-Zehnder type interferometer

Semitransparent mirror

sub-mm beam separation 10 cm beam separation
Setups: ILL, NIST

Diffraction grating Bragg diffraction on crystals

Fujiie, PRL 132, 023402 (2024) Gruber et al, Phys. Lett. A 140, 363 (1989) Rauch, Treimer & Bonse, Phys. Lett. 47A, 369 (1974)

Rauch & Werner, Oxford Univ. Press 2014
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Perfect crystal neutron interferometers

symmetric

skew-symmetric

Bragg‘s law:

silicon 220:

µsind= 2¸

19nm:A=0º9:= 1d

Aº9:= 1¸:= 30µ

Aº7:= 2¸:= 45µ

µ
2µ

d
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Single beam splitter
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Whole interferometer

Wave function

–1 0 1
Γ

–2 –1 0 1 2
Γ



Neutron Interferometry, H. Lemmel, 1.10.2024 /  287

Whole interferometer

In practice
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Phase and contrast influenced by
•  lamella geometries
•  lamella positions
•  lamella angles
•  vibrations
•  temperature gradient
•  temperature drift

Stability

x

θ

pm for 1° phase

nrad for 1° phase
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Split-crystal interferometers

•  Measurement of Silicon lattice constant

•  Split-crystal neutron interferometer @ S18

 larger interferometer loop
 more sample space
 neqstPi collaboration TU Wien, INRIM, ILL
 
 proof of principle 

INRIM Torino (with x rays)
for Avogadro project

2 cm movement  ⇒  108 finges

d220 = 192 014 711.98(34)

Massa et al., J. Phys. Chem. Ref. Data 44, 031208 (2015)

Lemmel et al., J. Appl. Cryst.  55 (2022) 870–875
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Applications
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Scattering length measurement

Coherent scattering length bc

•  Describes interaction of n with matter
•  Depends on nuclid
•  Cannot be calculated from scratch 
    (except lightest nuclids)
•  Neutron interferometry

m
cN b2}¼2

=V

50neV¼V

25meV¼E

D

Â

Dc¸N b¡=Â
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Scattering length measurement

Coherent scattering length bc
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Scattering length measurement

Coherent scattering length bc

•  Describes interaction of n with matter
•  Depends on nuclid
•  Cannot be calculated from scratch 
    (except lightest nuclids)
•  Neutron interferometry
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Scattering length measurement  --  Accuracy

•  sample perp. to beam

liquid samples, 17O, 18O:  accuracy = 1e-3

solid sample, Si:  accuracy = 1e-5•  sample parallel to crystal planes

Dc¸N b¡=Â

Lemmel et al, PRA 82 (2010) 033626;   Lemmel, J. Opt. 16 (2014) 105704

Fischer et al,  J. Phys.: Condens. Matter 24 (2012) 505105

gaseous samples, 3H:  accuracy = 5e-3  
Rauch et al., Phys. Let. B 165 (1985) 39-42

Abbas et al., AIP Conf. Proc. 1349 (2011) 501–502 
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COW experiment

•  Phase shift due to gravity

k2}
Ásing A2m¡=Â
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4π Symmetry

spin rotation by 2π = phase factor of  –1
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Âie

?

Which-way experiment

•  Two-path interferometer
•  Single-particle interference
   (double slit experiment)
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Which-way experiment

Detection = absorption
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spin
rotator

Âie
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spin-up detector

visibility distinguishability

„weak measurement“
gives

„weak value“
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Greenberger and Yasin, Phys. Lett. A 128 391 (1988)

Englert, PRL 77, 2154 (1996)
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Aharonov et al, PRL 60, (1988) 1351
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observable

operator         in QM

eigenvalues and -states state

average presence in path 1

(average)

Apply to which-way question:

Recall: 

path projection

expectation valueb
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observable

operator         in QM

eigenvalues and -states state

average presence in path 1

(average)

Apply to which-way question:

measure in the exit beams:

Recall: 

path projection

„weak value“

expectation valueb
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weak values             =  path-1-presence of a neutron detected in          state
                                          assigned in retrospect (post selection)
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balanced 

necessary for correct expectation values:

unbalanced 
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path presence = interaction strength
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weak measurement
variance at maximum (             measured in     direction)
weak value = ensemble property
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balanced 

outside eigenvalue spectrum

unbalanced 
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feedback compensation scheme experiment @ S18, ILL
H. Lemmel et al., Phys. Rev. Research 4 (2022) 023075H. F. Hofmann, Phys. Rev. Research 3 (2021) L012011
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Feedback compensation  –  Setup

H. Lemmel et al., Phys. Rev. Research 4 (2022) 023075, @S18, ILL
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Quantum Cheshire Cat

Denkmayr et al., nature comm.  (2014) 5492

Aharonov (2005) 
Quantum Paradoxes,  ch. 17.2

Magnetic field
has effect
only in path 1

→  spin in path 1

Absorber 
has effect
only in path 2

→  neutron in path 2

experiment @ S18, ILL
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Thank you for your attention.


