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1943

Oppenheimer designs Project Y on scrap of paper
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1944
Manhattan

Rosen

Oppenheimer

——

Feynman
Groves %
Ulam Bartlett Fermi Wilson
Metropplis Teller Tuck
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Following Oppie’s blueprint, accelerator-based
experiments came to Los Alamos
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Rosen “rewarded himself” after the war by doing
research on the Harvard Cyclotron in 1945
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LAMPF operations

ca 1968
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LANSCE is a Megawatt Class accelerator
The backbone for future MaRIE*

800 MeV Proton LINAC
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LANSCE provides a window to LANL

- Over 99 students presently
use LANSCE fog advance
degree research =

Over 300 LANSCE PhD theses 1972-2009

About 10% of Laboratory technical staff r
(n > 1200) have joined Los Alamos as 4
a result of LAMPF or LANSCE based
research
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From 1981-2009, 700 of |
those have joined G
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Outline

Making neutrons

Using neutrons and why
User Facilities

Success stories
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Spallation: now and future neutron sources
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Outline

Making neutrons

Using neutrons and why
User Facilities

Success stories
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The neutron has mass, velocity and magnetism (spin)
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A moving neutron is wavelike

Louis de Broglie
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For materials science, cold and warm neutrons are
required.

Fast

Slow = “Cold”
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Why use neutrons?
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Scattering Lengths :

Comparison on Neutron & X-Ray
Scattering by Various Elements

Element Neutrons X-rays Electrons
(102 cm) (1012 cm) (2%)
'H -0.374 0.28 1
?H (D) 0.667 0.28 1
c 0.665 1.67 6
N 0.940 1.97 7
0.580 2.25 8
P 0.520 4.23 15

Hydrogen
Isotopes
are the
most
useful

Scattering length is like index of refraction in optics
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Neutrons: Why and why not ?

* Neutron advantages:
— Wavelength comparable with interatomic spacings
— Kinetic energy comparable with that of atoms 1n a solid
— Penetrating => bulk properties are measured & sample can be contained <*—
— Weak (point-like) mteraction with matter aids interpretation of scattering data <=
— Isotopic sensitivity allows contrast variation (especially important in bio-applications)
— Neutron magnetic moment couples to B => neutron “sees” unpaired electron spins

Possflc to use a wide range of solvent conditions (in bio-studies)

+ Neutron Disadvantages
— Neutron sources are weak => low signals, need for large samples ete
— Neutrons are only available at centralized facilities & are expensive
— Some elements (e.g. Cd, B, Gd) absorb strongly
— Kinematic restrictions {can’t access all energy & momentum transfers)
— Measured data needs to be corrected for “mstrumental effects™
The measured signal may correspond to a cominnatmu of physmal pllmmmena
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Outline

Making neutrons

Using neutrons and why
User Facilities

Success stories
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The real base of _ -
science is those big .
labs

b

--European physicist at ILL on the NNSA labs
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LANSCE Serves Multiple Facilities for Basic and Applied
Research

* Lujan Center
— Materials, condensed-
matter, bio and nuclear
physics
— A BES national user facility
for neutron scattering

* WNR
— Nuclear Physics
— Neutron Irradiation
— SIU electronics testing

~ * Proton Radiography

: — Dynamic Materials
science, HE science

— Shock physics and
Hydrodynamics

 Isotope Production Facility
— Medical radioisotopes
— Research radioisotopes
: Facility
e Ultracold Neutron Facility
— Studies of fundamental
properties of neutron

_,.t*“-""_,?‘ _.E‘ WSS R, s

R



eTmholtz (HMI) Berlin St Petersburg

%\Tuhch B

Isis
Orphée _ | ‘
"3 it g\ K
2 T \ A wier
ILL Grenoble S e e
) \ RZZ.
- R Prague
= FRM-IT
BENEhek of e o __ KFKI Budapest
Interdependent gl .
asisad PSI Zur'lCh
European Neutron e a: £
Scattering Facilities ' Demokritos
Athens
© New Sources -@: ( Closures el v E




Proton Radiography reveals dynamics of matter at
microsecond scale
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pRad Facility at LANSCE
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Object Location
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LANSCE/WNR is a unique national resource for single-
event-upset testing of critical components

Industrial User Facility Agreements WNR offers a neutron spectrum similar to that of cosmic rays
25 Neutron flux
» 20 1,000,000
% 15 / Measured neutron flux at LANSCE
o 100,000 -
.“g’ 10
3 . g 10,000 A
N
£
0 g 1,000 A
1992 1994 1996 1998 2000 2002 2005 g
Year = 100 4 Cosmic-ray neutron flux (multiplied by 10°)
Reliable Satellites 104 Integrated neutron flux above 1 MeV ~ 2.5 10° nicm*/sec
1

Safer Avionics Yy 10 100 1000
N Neutron Energy (MeV)

_ Server Surety



The Lujan Center neutrons play a key role in
research for energy and the environment.

Hydrogen storage,
biofuels, and complex
electronic materials

Hard materials Nuclear fuel cycle
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Neutron scattering has advantages in studies of many
energy materials-related phenomena

atom

size
organisms (m)
10* 1 10 2=—10"*—10" 10° 10 % 10 *=—=10"™ 10" 10" e 10 e 10 e 10 e e
SRR il Dbl naNtron seatiring ranger Lo G e IR G % energy
COLD THERMAL HOT (meV)
—-10"! 1 10 - 10 107, 104
¢AL \V ) ...W.«’V—F_T‘n. .‘ w
X phenomena
polymers spin waves lattice vibrations nuclear compton
scattering
Sensitivity to hydrogen and other light elements
Isotopic distinctions
Magnetism
N Penetrability even in heavy metals
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Lujan Center 2010: 16 flight paths, 11 of which have
neutron scattering instruments  JEEEEREEE

st Flightpath ﬁ
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The Lujan Neutron Scattering Center at LANSCE
Hosts up to 750 Researchers Per Year

* National User Program
* Neutron Scattering School August 2010
- Affiliated with LANL’s CINT and Magnet Lab

2010: Run 3000 hours, 126 days

(maximum is 4500 hours)

ONatl Lab
Foreign
3%

W Academic
Foreign
4%

B Other
1%

Olindustry all
5%

H Natl Lab US
2%

A% O DOE
LU]\N CENTER

O Academic US
52%

40% first time users

Scatterlng Schoo ’riﬁgs in
30 students and 20
Iecturers er year
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LANSCE Neutron School 2010: Structural Materials

www.lansce.lanl.gov/neutronschool
dbrown@lanl.gov
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The new HIPPO graphite furnace has achieved 2200C,
designed for 3000C

Built in collaboration with Bjorn Winkler,
Univ of Goethe

Controls by Helmut Reiche, HTW
Saarbrucken, named “best student of the
year in Automation Systems”
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Actinide-science problems are familiar materials
challenges: Structure-Property Relations

Multiphase
Equations of
State

Plutonium science
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Most electronic theories of Pu predict magnetism

_ Magnetic
Partially filled shell

4f La Lu
Sf Ac Lr
3d Ca Zn
4d Sr Cd
54 Ba Hg
Superconducting
Logic: Large volume expansion from a to d

Figure 19. A Revised Periodic Table of the f and d Series |mplies: Five of six 5f electrons are localized
Implies: An unpaired electron
Requiring: Large magnetic moment
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Inelastic neutron scattering on Pharos gave first look at phonon
and electron contributions to Pu thermodynamics.
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PHYSICAL REVIEW B 72, 054416 (2005)

Absence of magnetic moments in plutonium

J. C. Lashley,! A. Lawson.! R. J. McQueeney,” and G. H. Lander”
|\ Los Alamos National Laboraiory, Los Alamos, New Mexico 87545, USA

Ames Laboratory and Department of Physics and Astronomy, lowa State University, Ames, Iowa 50011, [/SA
*European Commission, JRC, Institute for Transuranium Elements, Postfach 2340, Karlsruhe, Germany
(Received 25 June 2004 revised manuscript received 29 November 2004; published 11 August 2005)

) l 1 l ) I 1
(a) 5-Pu (5 at. % Al) at 15K

——=——= measured profile

calculated profile (1 ug)

difference profie (1 ug)

difference profile { 0.02 £ 0.46pB)

!t ' magnetic reflections

10 t ' 1 nuclear reflections

HIPD 2005

normalized intensity (arbitrary units)
Joyoe) wuoj snsubew

-5 _' mun}?tn ? . . ‘ 4 -t

1 | 1 | 1 | 1
s LosAlamos ——— 0.0
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A magnetic field might align the localized moments...

B=0 B>0
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PDF Group at the Lujan Center

We are using and developing total
scattering methods to characterize
disordered crystalline, nano- and
amorphous materials.

*Facilities
— Lujan Center
— Advanced Photon Source

— “One-stop” proposal for both

facilities
— Complementary data on local
structure
;:L la Al N Y3 \ /- =9%)
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Disordered materials
(acknowledgment: Thomas Proffen)

231111

) 9 <

b O 4

8

Cross section of 50x50x50 u.c. model crystal consisting of 70% black atoms and 30% vacancies !
Properties might depend on vacancy ordering !!

d _ _
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Bragg peaks are blind to local structure

Bragg scattering: Information about the average
structure, e.g. average positions, displacement
parameters and occupancies. g

i I | I I i I | I I
- - -l -
gt 1 g -
& &
iy iy
i I, |
g g
= =
| 1 | L 1 I | 1 | 1 I
0 1 2 3 4 5 0 1 2 3 4 5
[h 2 0] [h 2 0]
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Diffuse scattering encodes
correlations

Diffuse scattering: Information about two-body
correlations, i.e. chemical short-range order or
local distortions. T oEn

w0 w0
- -
T o 5 ®
- -
o o
~— ~—
o o
0 1 2 3 4 S 0 1 2 3 4 S
/‘\ h [r.lu.] h [r.lu.]
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NPDF unravels the local structure in LaMnO,

peak position (&)

DISTORTED OR NOT DISTORTED?
Study of the Jahn-Teller distortion in LaMnO,

N'- L
N

NPDF

Instrument Scientist
oo Rampe Strctune: e Thomas Proffen

2.2

2
3
S
-
[

250 500 750 1000
T (K)

Local Structure:
Jahn-Tefier distortion persists

4

8

rmox (A)

12

16 20

at high temp

PDF Probes the Structure as

a Function of Length Scale
Manganites are among the many
complex materials used in energy
applications all around us.

NPDF experiments revealed local
atomic distortions and their
distribution

X. Qiu, Th. Proffen, J.F. Mitchell and S.J.L. Billinge, Orbital correlations in the pseudo-cubic O
and rhombohedral R phases of LaMnO3, Phys. Rev. Lett. 94, 177203 (2005).



Energy (meV)

Dynamic Pair Distribution Function Nickel
analysis demonstrated on ferroelectrics

PMN 450K
50
g(r, E)
40
30
20
10
0 g(r)
20 25 30 35 40 45 50
r(A)
Relaxor Ferroelectric PMN has local Led by Takeshi Egami, Univ of Tennessee
regions of electric polarity due to Pb-O PRL 100, 137602 (2008)

distance changes caused by phonons
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Neutron scattering at PCS* is a powerful tool in
bioscience research.

*Can reveal structural details, such as
the locations of hydrogen atoms and
water molecules

*Pinpoints biochemical steps involved
in enzyme reactions

*Improves understanding of cellular
processes

*Has potential to enable design of more
effective drugs for treating disease

N *Protein Crystallography Station

- Los Alamos S
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Biomass structure and conversion
For 39 generation biofuels

Cell wall

Layered mesh of
microfibrils in
plant cell wall

Plant cells
Single microfibril
p ~~Hemicellulose
- Paracrystalline
g cellulose
~~ Crystalline cellulose
Ammonia Cellulose I
Cellulose molecule
OH OH OH  OH I
HO & HO 707 HO 0
WA NN
HO¥ oH oHO HOY" OH OH £543 $is} Cellulose I,
— : : : B e s400e
Glucose Cellobiose 1 000006440400000400044
1444404444440000000004¢ “ ' A
| )
8\ L
1 e

LUJAN (L

RKM.COM.AU



Environment and Carbon Management

Carbonic anhydrase (CA) catalyzes the reversible interconversion
of CO, to HCO,"

Understanding how the enzyme facilitates CO, hydration and
proton transfer will help in devising methods for using
biological systems for carbon sequestration.

Proton transfer between a Zn-bound water and internal proton shuttle is mediated by a H-bonded
network of solvent molecules. X-ray structures do not provide needed acuity.

T19/
‘9\
n -OH/H,0

*Sample: 4 x 1 x 0.3 mm (1.3
mm3)
*H/D exchanged for 1 month

*Collected 41 images/crystal
settings

*Each exposure 32h

USERS: John Domsic, Robert McKenna, David Silverman, Zoe Fisher - University of Florida, LANL

p‘BEFERENCES Fisher et al. (2009) Acta F65, p.495
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Lujan’s “standard battery cell”
Guo, Vogel, Zhao

Electrode (&l or Cu)
T /v Cathode 10mm
BEAM l\
L| (blue) diffusion pathways
0.2 fm & \
Electrolyte 1mm
Anode 10mm
TEFL adapt-:ur \
Cu Be, Al, TiZr
—0.2

[C10] direction [ u] direction

Nishimura, et al Nature Materials, 2008, 7, 707
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Layered Li,Ni Mn Co, , O, Cathodes for Lithium lon Batteries:
Understanding Local Structure via Magnetic Properties

Chem of Materials 19 4682 (2007)

Z"

Natasha A. Chernova, Miaomiao
Ma, Jie Xiao, M. Stanley
Whittingham, Julien Breger, and
Clare P. Grey

State University of New York at
Binghamton, and State University
of New York at Stony Brook

cluster- i-Mn, -Mn clusters

glass 90° clusters
1 [ F | 3 | 3 [ o [

0 20 40 60 80 100 120
Temperature, K
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Grand Challenges in Geomaterials

Methane Hydrate Worldwide

a &
A Global Energy Resource
Ocean Sequestration / CH, Clathrate Extraction
LS9 powerplant
;f‘ " shipping base iy procsesng plent

normal seawater

clathrate dissolution,
salination, acidification

- dissolved in seawater
id (hydrate, dry ice) ' Clathrate crust CH extraction

0

-redox reactions; sedimentdissolution liquid + clathrate CHj clathrate

Free Gas Zone

pa—

Global hydro-cycle and
global carbon-cycle
determine sustainability

Energy CH, T Sequestration CO, 1

W & 'Y 2 y
LlI JAN CE m*rm 10 a* N A



Spectrometer for Materials Research at
Temperature and Stress (SMARTYS)

Webcam view of Fontainebleau sandstone
sample in the neutron beam while
stressed in the SMARTS/Instron load frame
during the experiment.
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SMARTS is used to study nonlinear mechanical
behavior of geomaterials.

4
Fontainebleau
35-
arlattice |
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g e —
E - = [ H clatiice
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2 u
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A “glassy” phase in sandstone has been discovered
through PDF Measurements on NPDF.

Fontainebleau
sandstone
sample 2

Goal: Relate unusual acoustic
properties to local atomic
structure.

Technique: Pair Distribution
Function (PDF) measured on NPDF
gives local structural information.

Result: Evidence for a “glassy”
phase in Fontainebleau sandstone
rock.
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Excess Si-O and O-O nearest neighbors
indicating “glassy” contribution.
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K.L. Page, Th. Proffen, S.E. McLain, T.W. Darling and J.A.
TenCate, Local Atomic Structure of Fontainebleau
Sandstone: Evidence for an Amorphous Phase?,
Geophysical Research Lett. (2004).
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Rietveld refinement of the diffraction patterns
Gas Hydrate (Clathrate) Study

in-situ and real-time
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LAPTRON: A proposed instrument for energy materials

high P-T diffraction, radiography, ultrasonic, & calorimetry
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Toroidal anvil package for high P-T diffraction and tomography

A bearing loading rotation stage to allow 360° sampling at high P-T




LAPTRON

Integration of High P-T Neutron Diffraction & Neutron Radiography/Tomography
with Acoustic Elasticity, Thermo-Calorimetry, Deformation Texture/Rheology

CIT (arb. units)




What are MAX Phases? ﬁrﬁﬁ'ffé‘

* MAX are nano-laminated ternary metal carbides, M_, ,AX_

« Machinable, ductile, next best thing to self-healing: damage containing
* Doesn't know if it wants to be a metal or a ceramic...

* Many unusual properties (electrical/thermal conductivity, mechanical...)
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Mystery: Why does Ti;GeC, exhibit dramatic damping in
ultrasound measurements at ~450C?

Michel Barsoum, Drexel Univ
nature materials | VOL 2 | 107 FEBRUARY 2003
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Results: Bond lengths
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Results: Possible explanation for bond-lengths anomalyﬁﬁ)‘ﬁ("j

 Correlated motion was found as in quartz

« Explanation is difference between average bond length (Rietveld) and
instantaneous bond length (PDF)
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Los Alamos science in the 21st century

Los Alamos as the Premier National Security Science Laboratory will solve problems that:
=Are large scale, complex, and high impact;
"Require multidisciplinary science, technology, and engineering;
=Utilize unique, multifaceted, or large experimental facilities;

"Depend on fundamental research and development; and

=Develop technology that is highly complex, and sensitive or classified nature.

LANSCE Immersive Visualization Cave High Throughput Laboratory Network
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Quick Poll

Who is the greatest living person?
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Greatest Living Person?

Kary Mullis, PCR (1993) Stuart Parkin, GMR apps



Ada Yonath, Weizmann
Chemistry Nobel 2009



TIME 100




Four-timers



“When | compare our high
schools to what | see when
I’m traveling abroad, | am
terrified for our workforce
of tomorrow.”

—Four x TIME100 Bill Gates, Chairman

and Chief Software Architect of Microsoft
Corporation

Albuquerque, 1976




Highest physicist on TIME 100
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ﬂ Three-timer Angela Markel, Chancellor of Germany
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Summary
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Making neutrons

Using neutrons and why
User Facilities

Success stories

Using neutron scattering gives you a
competitive advantage in your
research.
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