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Introductory Commenty

Duwring the academic year 1983-1984 I was here ow sabbatical leave from the
University of Missouri. It was a wonderful yeow for me; bothv personally and
scientifically. Every Fridoy afternoon; just after lunch, Sam Trevino,; Hank Prosk,
Chawlie Glinkaw and I would leawve to-playy golf; and not come back to-the lab-for the
rest of the davyy. I know that this grated onw Jack Rush, for me to-take 3 of his best
scientisty away for ¥% day each week. But the gentleman that he is, he never said v
word ...at least to-me. He may hawve docked these guys salowies. But, I donwt know
about that .

Inthe Fall of 1 '983, the lab- management decided that the NBS shouwld have some
big innovative projects, and they asked for propoml& Mike and Jack put inv ov
proposal for the Cold Neutrow Facility, I for something like $25M. I donwt
think that they really W%MWD@MM#CWO@WWW it, and
that Congress would fund it. Ay always, invthe government inv matters like this, one
has to- ask for an independent expert review. Since I was the only unbiased,
independent expert within 30 ft of Bob-Couter’s office; Mike asked me to-be the
Chairmouwv of the Committee;,. So-we chose o committee, here it iy (see next two-
slides)...and we held o 1 -day review. The report was invthe form of a 3 page letter
that I wrote to-Ernie Ambler, the NBS Divector at that time. Here isthe report (see
the next two-pages:..one is missing). I have avcopy here for Mike in case he runs out
of reading materioal o the beach in Mo,

The rest iy history. The project was funded; the cold source installed, and the guide
hall buidt invthe late 1980°s. It has to-be one of the most important successes ivv
Americow science:..Ever! AW of uy owe Jack Rush, Mike Rowe, Tawfik Raby, Bob-
Cauter and everyone else ivwolved invthose days, and since, a debt of gratitude:.

Thanks!
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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

Interferometer

Components:

@ Collimator/shutter @ Primary vibration isolation stage

@ Helium filled beam transport tube @ Acoustic and thermal isolation enclosure
‘ Focusing pyrolytic graphite monochromator@ Secondary vibration isolation stage

@ Outer environmental enclosure Enclosure for interferometer and detectors

Vibration Isolation = 10”g
Translation = Less than a um
Rotation = Less than a mrad

Temperature = 0.1 C
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Neutron Interferometry

Cold Neutro Guide Hall
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Gravitationally Induced Quantum Interference
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Perfect Crystal Interferometer

Interferometer

Phase Shifter

Cut from a single ingot of > 17 MQ silicon. Neutron wave function

Three to four blades are machined and left , coherently split by
“1: Top View Bragg diffraction.

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.

\
Phase Shifter



Selected Neutron Interferometry and Optics Experiments

* Precision measuremet of Si-scattering length: b=(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 H O/D,O mixtures
—(Missouri, NIST, LANL, HMI-Berlin)
* 47T rotation symmetry
—(HMI-Berlin, Missouri, NIST, LANL)
¢ n-D, n-p, n-*He 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->He scattering amplitude
—(Tulane ,Indiana, NIST, N. Carolina-Wilmington)

* Tests of decoherence for quantum information
—(MIT, NIST)

* QGravity experiment with floating interferometer
—(Indiana, NIST, Tulane)



week ending
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Precision Neut ron Inter feromet ric Mea surement of the nd[Cohere nt Neut ron Scat tering
Length and Con sequences for Models of Three-Nucleon Forces

T. C. Black,' P. R. Huffman,? D. L. Jacobson ,> W. M. Snow,> K. Schoen,* M. Arif,? H. Kaiser,*
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Precision neutr on interfer ometric measur ement of the n-*He coherent neutr on scattering length

P. R. Huffman,"? D. L. Jacobson,” K. Schoen,® M. Arif,> T. C. Black, W. M. Snow,” and S. A. Werner™?
'North Carolina State University, Raleigh, North Carolina 27695, USA
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Phase Shift

Ap= 2T (i‘”) D = ANbD

Phase shifts are measured by
rotating a quariz plate called a phase
flag tracing out an interfereogram

E D — D(d) sothat Ad < d

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.

Incident  Sample  Outgoing
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n-d scattering length

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

doublet \ ? ‘ ‘ '
quartet ? #

If both the sample and the neutron are unpolarized.

[

1 2
b, = ? bdaubﬁer—i_ ? b

quartet
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b, (fm)

Neutron Deuteron Scattering Length

Measurements

68 I T T T
D2 a
6.7 1
= === ::1:/‘&&::@::::::::%:::
T v
° O J
6.6 ®  Many Methods
® Bragg Diffraction
Y a Christiansen filter
i O Transmission
6.5 A Gravity reflectometry
= ¥V Interferometry
— Current weighted average |
— ~ " Ist standard uncertainty
6.4 :& s 1 1 L 1 L | L L
1950 1960 1970 1980 1990 2000

Year of Measurement

4.5

4.4

4.3

a,, (fm)

Measured at NIST
b 4 = 6.6649+/- 0.0040 fm

By = (0.96 %0.02) fm

New World Average
b,q = 6.6683+/- 0.0030 fm




Theory deuteron

Potential Model b b b
(doublet) (quartet) (fm)
Yukawa -3.15 9.585 5.34
Exponential -9.6 9.66 3.24
MT I-1I 1.05 9.66 6.79
RSC-5 2.64 b= (1/ 3) bdoublet + (2/ 3)bquartet
AV14 2.025 9.57 7.055
SSCC 1.98 9.615 7.07 b(€Xp> - (6665 * OOO4) fm
RRS;:C_5 228 9.453 7.062 bquaﬂet(theor}/) B (952 * 001) fm
RSC+TM3NF 0.5895 9.462 6.505 L. .
AV14 1.8 9.558 6.972 Comb.mmg tl’.IGOI'y with
AF14+BR3NF 0.0015 9.567 6.379 experlment glves.
RSC+TM3NF 0.99 9.45 6.63
AV14+BR3NF 0.855 9.57 6.67 bdoublet p— (096 + ()()2) fm
Yamaguchi 0.984 9.405 6.60
MTI-III 1.065 9.645 6.79
MTI-III 1.053 9.663 6.793
AV14 1.794 9.57 6.978
AV14 1.7835 9.569 6.974
AV14+TM3NF 0.879 9.557 6.664
AV14+BR3NF 0.863
AV18+UR3BF 0.939




bnp (fm)

Neutron Proton Scattering Length
Measurement

-3.641 T H, 1-1.82

I c T feqi 4

O Total reflection Measured at NIST
-3.681 4 Gravity reflectometry 1-1.84
Y Interferometry e , = by, = -3.7384+/-0.0020 fm
372+ — = " 1st standard uncergnty T 1186 <=
O] S New World Average

-3.76[ 1-1.88

I % | by, = -3.7405+/-0.0009 fm
-3.80 1 | | | | _1-1.90

1950 1960 1970 1980 1990 2000

Year of Measurement



b (fm)

Neutron Helium-3 Scattering Length
Measurements

7.0 T T T
3He
6.5F O  Total Reflection
Vv Interferometry
O  Transmission
M — Weighted Average
6.0
N/
VARG
55F
50 L L 1 N 1
1970 1980 1990 2000

Year of Measurement

5.0

N
a (fm)

4.0

Prior to Measurement at NIST

b = 5.74 +/- 0.04 fm

Measured at NIST
b = 5.8572+/- 0.0072 fm

New World Average
b = 5.8530+/- 0.0070 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:

b, = (~2.365+0.020) fm
b. . =(5.854+0.007) fm

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

b, =(9.949£0.027) fm
b, =(4.488£0.017) fm

corresponding to free nuclear scattering lengths of

a, = (7.456+0.020) fm
a, = (3.363%0.013) fm

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

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

Thanks to ...

Neutron Interaction and

Dosimetry Scientific Staff Postdocs Graduate Students
Muhammad Arif (group leader) Wangchun Chen (Indiana) Chris Bass (Indiana)

Scott Dewey Brian Fisher (Tulane) Rob Cooper (Michigan)Mike
Tom Gentile Dan Hussey (NIST/NRC) Huber (Tulane)

David Gilliam H. Pieter Mumm (NIST/NRC) Da Luo (Indiana)

Craig Heimbach Dmitri Pushin (MIT)

David Jacobson Carroll Trull (Tulane)

Jeff Nico Liang Yang (Harvard)

Alan Thompson

* 13 former thesis students; 7 current thesis students

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

» The work is supported by NIST Physics Lab, NCNR, and DOE. Experiments
funded by NSF, DOE, and NIST.









