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Neutron Interferometry

1964 – Perfect crystal interferometer co-invented by Bonse and 
Hart for x-rays.
1974 – First demonstration of a working neutron interferometer 
Rauch, Treimer and Bonse.
1975 – Gravitationally induced quantum interferference by Collela, 
Overhauser and Werner.
1975-2005 – Many experiments at Missouri University Research 
Reactor, ILL Grenoble, France, MIT, Atominstitut Vienna, Austria, 
and Hahn Meitner Institute, Berlin, and NIST.



Neutron Interferometer and Optics Facility

Vibration Isolation = 10-7g

Translation = Less than a µm

Rotation = Less than a mrad

Temperature = 0.1 C



Cold Neutron Guide Hall

Weak Interaction Physics

Neutron Interferometry





Gravitationally Induced Quantum Interference
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Perfect Crystal Interferometer

Cut from a single ingot of > 17 MΩ silicon.
Three to four blades are machined and left 
attached to a common silicon base to 
maintain the perfect registry of all atoms in 
the crystal.
The NIST crystals are cut such that the 
silicon (111) lattice planes are are 
perpendicular to the surfaces of the blades.
Each crystal blade acts as a beam splitter in 
the transmission Laue-Bragg reflection 
geometry.



Selected Neutron Interferometry and Optics Experiments

• Precision measuremet of Si-scattering length: bSi=(4.1507±0.0002)fm
–(HMI, NIST, NPI of CAS, Missouri, LANL)

• Double slit interference experiment 
– (University of Vienna, NIST)

• Phase Contrast Imaging –
–(University of Melbourne, NIST, Missouri)

• Quantum entanglement in H2O/D2O mixtures
–(Missouri, NIST, LANL, HMI-Berlin)

• 4� rotation symmetry 
–(HMI-Berlin, Missouri, NIST, LANL)

• n-D, n-p, n-3He scattering lengths
–(Missouri, NIST, N. Carolina-Wilmington, Indiana, LANL)

• Reciprocal Space Imaging
–(MIT, NIST)

• n-e scattering - neutron charge radius 
–(Tulane ,Missouri, NIST, N. Carolina-Wilmington)

• Neutron Fourier spectroscopy 
–(NIST, Indiana, Vienna, MIT)

• Spin-dependent neutron-3He scattering amplitude 
–(Tulane ,Indiana, NIST, N. Carolina-Wilmington)

• Tests of decoherence for quantum information  
–(MIT, NIST)

• Gravity experiment with floating interferometer
–(Indiana, NIST, Tulane)
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Phase shifts are measured by 
rotating a quartz plate called a phase 
flag tracing out an interfereogram

D → D(δ) so that ∆φ ∝ δ
The data is fitted to a sinusoid 
allowing the phase shift due to the 
sample to be determined. 
This is done back to back within a 40 
minute period to allow the systematic 
overall time dependent phase drift to 
be removed.
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n-d scattering length

doublet

quartet

neutron (s=1/2) deuteron (I=1)

If both the sample and the neutron are unpolarized.



Gas Phase Shift Cell
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Neutron Deuteron Scattering Length 
Measurements

1950 1960 1970 1980 1990 2000
6.4

6.5

6.6

6.7

6.8

4.3

4.4

4.5

Year of Measurement

Many Methods
Bragg Diffraction
Christiansen filter
Transmission
Gravity reflectometry
Interferometry
Current weighted average
1st standard uncertainty

D2

b n
d

(f
m

)

a n
d

(f
m

)

Measured at NIST

bnd = 6.6649+/- 0.0040 fm

New World Average

bnd = 6.6683+/- 0.0030 fm

bdoublet =  (0.96 ± 0.02) fm



Theory deuteron

0.939AV18+UR3BF

0.863AV14+BR3NF

6.6649.5570.879AV14+TM3NF

6.9749.5691.7835AV14

6.9789.571.794AV14

6.7939.6631.053MTI-III

6.799.6451.065MTI-III

6.609.4050.984Yamaguchi

6.679.570.855AV14+BR3NF

6.639.450.99RSC+TM3NF

6.3799.5670.0015AF14+BR3NF

6.9729.5581.8AV14

6.5059.4620.5895RSC+TM3NF

7.0629.4532.28RSC

0.9RSC-5

7.079.6151.98SSCC

7.0559.572.025AV14

2.64RSC-5

6.799.661.05MT I-II

3.249.66-9.6Exponential

5.349.585-3.15Yukawa

b
(fm)

b
(quartet)

b
(doublet)

Potential Model

b =  (1/3) bdoublet + (2/3)bquartet

bquartet(theory) =  (9.52 ± 0.01) fm

b(exp) =  (6.665 ± 0.004) fm

bdoublet =  (0.96 ± 0.02) fm

Combining theory with 
experiment gives:



Neutron Proton Scattering Length 
Measurement

Year of Measurement
1950 1960 1970 1980 1990 2000

-3.80

-3.76

-3.72

-3.68

-3.64

-1.90

-1.88

-1.86

-1.84

-1.82

Transmission
Total reflection
Gravity reflectometry
Interferometry
Current weighted average
1st standard uncertainty

b n
p

(f
m

)

a n
p

(f
m

)

H2

Measured at NIST

bnp = -3.7384+/-0.0020 fm

New World Average

bnp = -3.7405+/-0.0009 fm



Neutron Helium-3 Scattering Length 
Measurements

Measured at NIST

b =  5.8572+/- 0.0072 fm

New World Average

b =  5.8530+/- 0.0070 fm

1970 1980 1990 2000
5.0

5.5

6.0

6.5

7.0

4.0

4.5

5.0

3He

b
(f

m
)

Year of Measurement

Total Reflection
Interferometry
Transmission
Weighted Average

a
(f

m
)

Prior to Measurement at NIST

b =  5.74 +/- 0.04 fm

Lowered uncertainty by a factor of 6



It is interesting to combine this result with the recent 
measurement by Zimmer, et al* of the bound 

incoherent scattering length:  

fm )020.0365.2( ±−=ib

fm )007.0854.5( ±=cohb

to extract the singlet and triplet values of the bound 
scattering lengths

fm )017.0488.4(

fm )027.0949.9(

1

0

±=
±=

b

b

corresponding to free nuclear scattering lengths of 

fm )013.0363.3(

fm )020.0456.7(

1

0

±=
±=

a

a

*O. Zimmer, G. Ehlers, B. Farago, H. Humboldt, W. Ketter, and 
R. Scherm, EPJdirect A1, 1 (2002). 





Summary
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Postdocs
Wangchun Chen (Indiana)
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Liang Yang (Harvard)
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Dosimetry Scientific Staff
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• The work is supported by NIST Physics Lab, NCNR, and DOE. Experiments 
funded by NSF,  DOE, and NIST.

•  More than 30 students from undergraduate institutions and local high schools

•  13 former thesis students; 7 current thesis students

There is an active and growing program in fundamental neutron physics based at 
NIST. It is possible through strong national and international collaborations. 






