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Letters to the Editor

[The Editor does not hold himself responsible for
opinions expressed by his correspondents. Neither
can he undertake to return, nor to correspond with
the writers of, rejected manuscripts intended for this
or any other part of NATURE. No notice s taken
of a TMUTILCAtLONS. |

Possible Existence of a Neutron

beryllium when bombarded by «-particles of polonium
emits a radiation of great penetrating power, which
hasan absorption coeﬁ%cient in lead of about 0-3 (em.)-1.
Recently Mme. Curie-Joliot and M. Joliot found,
when measuring the ionisation produced by this
beryllium radiation in a vessel with a thin window,
that the ionisation increased when matter containing
hydrogen was placed in front of the window. T

effect appeared to be due to the ejection of proto

with velocities up to a maximum of nearly 3 x 10? em.

aw ~AA Mharr cvvmmrnctard dhat 4ha 4nanafanmann AF

James Chadwick

P

Copyright Getty Images

Slide from Jaime Fernandez-Baca

This again receives a simple explanation on the
neutron hypothesis.

If it be supposed that the radiation consists of
quanta, then the capture of the e-particle by the
Be® nucleus will form a C!3 nucleus. The mass
defect of C® is known with sufficient accuracy to
show that the energy of the quantum emitted in this

rocess cannot be greater than about 14 x 105 volts.
t is difficult to make such a quantum responsible
for the effects observed.

It is to be expected that many of the effects of a
neutron in passing through matter should resemble
those of a quantum of high energy, and it is not easy
to reach the final deecision between the two hypo-
theses. Up to the present, all the evidence is in
favour of the neutron, while the quantum hypothesis
can only be upheld if the conservation of energy and
momentum be relinquished at some point.

J. CHADWICK.

mvendish Laboratory,
Cambridge, Feb. 17.
M

Nobel Prize in
Physics 1935
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How Did | Get Here?

o PhowbyWickin o]
450 km/hr and 3.2 km wide

Image from Pacific Products Gallery

Kansas area ~200,000 km?2

* BS Chemistry, minor Kansas avg. population density ~10

Mathematics; Washburn

University (1995) people/km?
«  PhD Polymer Chemistry, ltaly area ~300,000 km?2 |
University of Tennessee Italy avg. population density ~200
(2000) people/km?
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How Did | Get Here

* ORAU post-doctoral
program ORNL (2000-2004)

*  ORNL staff (2004-present)
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What is Sample Environment?

« Sample environment is an integral part of the
neutron scattering experiment where neutrons are
used as an investigative probe

* Equipment is used to precisely and accurately
control experimental parameters such as
temperature, pressure and magnetic fields

Magnetic
Field and
Low
Temperature
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HFIR/SNS Sample Environment Group
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31 Instruments in the User Program

HIGH F

%0AK RIDGE

ISOTOPE

National Laboratory | REACTOR The United States’ highest flux reactor-based neutron source

NEUTRONS.ORNL.GOV
ed-Incide g
pectro
Lon-cnergy excitatons.
mag ructural
ansitions
g

0 ed n 3

Polarized nevtron stud
magnetic materials. oy Materials structure and
ials structure and processing
| exctations, strueturatansiions metallurgy. polymers. geophysics.
e 3 740 igh-Te

- 4
\ complex fluds
¥ |
on Powde
D omete
Bio-SA
| | protelns and compexe.
phamaceuteals
bomateriae
D-HB =
re-scatering o1 . & < /
| single crystais and time-resolved g f
phase transitions f -
Polarize 0 :
Development Statio 2 e B
B-2D eutron Residua ple-A F)
= old 0 ag
[Development of new components J nectromete Po d
techniques for utlzing . B-2B B 0 e ple gle
polarized neutrons Diffracto 0 : 0 s
) E Strain and phase mapping n | | Medium. and high-resolution B Develon
Inelastic scatiering at 4 o
. . mergies Small unt-coll nuclear & e i
- s Sbgriefc smioke! o-SA/8 scattering ot cold n iology. chemistry and

. Davelopment of larmor neutron energios. ‘complex materials.
l o precession techniquos. ong - w3 74
LEGEND s et

T 0210 nstrumont inuser program
R corsioningor ot
speschAy

Govelopment be
T 1+ covion o conruction
I e consicersion

« ~1200 neutron scattering experiments per year

% OAK RIDGE | i

ational Laboratory | SOURCE

World’s most intense pulsed, accelerator-based neutron source
NEUTRONS.ORNL.GOV
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The International Society for Sample
Environment (ISSE)

* The ISSE Is a platform to promote scientific and
technical developments of sample environment
at scattering facilities

http://sampleenvironment.org

ional
< > 0O £ sampleenvironment. org ¢ = L e -
2 (k) e Cestina §mDansk gfgEnglish [ BFrancais M@Deutsch gmfedl @ BAE .8 3t30| gyPycckuit G Espafiol § g Svenska

The International Society for Sample Environment

Projects ~ Forums Membership ~ Login

Membership ISSE Workshops Forums
20 facilities and 10 companies have joined The 10th ISSE workshop will be held at Join the ISSE community and discuss ]
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Outline

* What to consider when designing sample
environments

* Overview of commonly used equipment
— Low Temperature
— Magnets
— High Throughput Sample Changers
— Pressure
— High Temperature
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In General...

* When designing equipment, one must choose the
right materials

— Equipment must satisfy material physical properties

— Minimize amount of material in the incident and detected
neutron beam paths

— Choose neutron-friendly materials: minimize neutron
Interaction (avoid incoherent background or coherent
scattering from the equipment itself)

* There are always trade-offs and compromises:
Yield strength of material allows for high pressures
but has high neutron absorption cross section

HIGH FLUX | SPALLATION
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Sample Environment Design
Considerations From a Facility Point of
View

* Build in as much flexibility as possible in the sample
area. Experiments are continuously more complex

* Don’t skimp on the utilities: Electrical power, crane
coverage, compressed air, chilled water, Helium
recovery

 Remember your neighbors: Stray magnetic fields,
neutron background

* |t Is Important to define requirements up front
* Project management: budget, scope and time

HHHHHHHH
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How to Choose the Right Materials
When Designing Sample Environments

* Material physical properties must satisfy the
application

* What application is the material going to be used in:

— Vacuum (usually operate in high vacuum
region, 1 x 103torr to 1 x 10" torr)

— High temperature (1200 °C to 1600 °C)
— Low temperature (0.030 Kt0l.5 K)

— Magnetic fields (1.0Tto 14 T)

— High pressure (1.0 bar to 90 GPa)

— Chemical resistant  (pH < 7.0, acidic conditions)
— Radiation field (Rad/hr in the direct beam)

SPALLATION
NEUTRON
SOURCE
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How to Choose the Right Materials
When Designing Sample Environments

Neutron Properties

* Neutrons have no electric charge: can penetrate
Into materials to be scattered by the nucleus

* Neutrons have a magnetic moment and therefore
are sensitive to the magnetic field of the atoms

* Neutrons have an intrinsic energy that makes them
sensitive to inter-atomic vibrations

 Scattering and absorption cross-sections depend on
the isotope: isotope labelling and contrast variation
take advantage of the scattering differences
between Hydrogen and Deuterium

LLLLLLLLLLLLLLLLLL
RON
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Taking Advantage of the Highly
Penetrating Nature of Neutrons

e Cross section g, Is the effective area of a nucleus to an
Incident neutron

 Scattering length b, is a measure of the strength of the
neutron-nucleus interaction

— Related to the cross section g by o = 41b?
* Transmission = eton
* t = sample thickness in cm

o = total neutron cross section in barns (1 barn = 1024 cm?)

* n = number density [mass density (g/cm3) x Avogadro’s
number (molt)] / [formula weight (g/mol)]

* Neutron scattering lengths and cross sections

o https://www.nist.gov/ncnr/planning-your-experiment/sld-periodic-table
%OAK RIDGE

National Laboratory
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https://www.nist.gov/ncnr/planning-your-experiment/sld-periodic-table
https://www.nist.gov/ncnr/planning-your-experiment/sld-periodic-table
https://www.nist.gov/ncnr/planning-your-experiment/sld-periodic-table
https://www.nist.gov/ncnr/planning-your-experiment/sld-periodic-table
https://www.nist.gov/ncnr/planning-your-experiment/sld-periodic-table
https://www.nist.gov/ncnr/planning-your-experiment/sld-periodic-table
https://www.nist.gov/ncnr/planning-your-experiment/sld-periodic-table
https://www.nist.gov/ncnr/planning-your-experiment/sld-periodic-table
https://www.nist.gov/ncnr/planning-your-experiment/sld-periodic-table

Example: Sample Can That is 1 mm
Thick Aluminum

« Mass density = 2.70 g/cm?

* Formula weight = 26.982 g/mol

« Avogadro’s number = 6.02 x 102 mol?
*t=0.1cm

*0=173x1024cm2(v=2200 m/s, A = 1.8 A)
* Transmission = 0.99 (99%)

v"Neutron Properties

v'Physical Properties (vacuum applications)

LLLLLLLLLLLLLLLLLL
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Neutron Friendly Materials For Neutron
Powder Diffraction Experiments

* One does not want the sample environment
equipment to add to the neutron signal

* Choose null-scattering materials (minimize coherent
scattering)

* Vanadium
— bound coherent scattering length -0.3824 fm

— Can use up to 1200 °C (melting point 1910 °C, but can
recrystallize and embirittle at lower temperatures)

v"Neutron Properties
v'Physical Properties (high temperature applications)
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Neutron Friendly Materials For Neutron
Powder Diffraction Experiments

* One does not want the sample environment
equipment to add to the neutron signal

* Choose null-scattering materials (minimize coherent
scattering)

* TIZr
— Ti bound coherent scattering length -3.438 fm
— Zr bound coherent scattering length 7.16 fm
— Alloy typically 66% Ti and 34% Zr
— Applied pressures ~1300 bar

v"Neutron Properties

v'Physical Properties (pressure applications)
%OAK RIDGE

National Laboratory
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Many Factors Contribute to the Detected
Neutron Signal on a SANS Experiment

| :
Couette Flow <= \ K. Krishnan et.al.; Journal of Rheology;

Shear Cell " 46(2); March 2002
Neutron Beam ‘ I | ,\,

Detector g
m Radial

’ Icor = Isam - TX Iemp o (1 _ T) X IbIk
* | = corrected intensity

l.,m = INtensity from sample

lemp = INtensity from empty cell

|, = blocked beam

T = transmission of sample

Background signal from sample envwonm?\gt %)dc%  scattering
Netionsl Laborsgsft | Bon o ey




Low Temperature

Low Temperature Equipment:

Closed cycle refrigerators 4 K - 300 K }
Liquid Helium Cryostats 1.5 K - 300 K | .‘

3He inserts 0.3 K - 300 K

Dilution refrigeration inserts 0.03 K -
300 K

HIGH FLUX | SPALLATION
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What Do We Mean by Low Temperature?

Sun~ 6,000 K

X 20
¢ Mass of Sun: ~2x1033¢g

* Mass of typical neutron
scattering experiment
samples: milligrams-
grams

X 30,000

D/R system~0.010 K

SPALLATION
NEUTRON
SOURCE
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Low Temperature

[ Roo;ﬁ temp
' mounting
.‘q flange
' “~1st Stage
| 2nd Stage
v

Helium Closed Cycle Refrigerators (CCR)

Temperature range 4.0 K - 300 K

Direct cooling: Sample mounted directly to
the cold-head, rapid cooling (40 min), entire
CCR must be removed from instrument
vacuum boundary to change sample

Indirect cooling: Sample is held in a helium
exchange gas chamber, chamber is cooled
by 2nd stage, sample can be changed
without warming up entire CCR

%

OAK RIDGE
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Low Temperature

(@) o) %
=3

-
J L

Closed Cycle Refrigerators (CCR)

* Flange mount or tail mount

* Flange diameter defines maximum diameter allowed (700
mm typical) "

« Define flange: bolt holes, vacuum boundary, etc.

« Tail mount: distance from beam center to bottom of tail (50
mm typical) 9

A
BEAM
CENTER

* Quter Vacuum Chamber (tails) diameter 350 mm

« Distance from stick flange to beam center 1092 mm D—

* 100 mm bhore

SPALLATION
NEUTRON
SOURCE
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Tail Mounted

HB1-A Beamline at HFIR

CG-2 Beamline at HFIR
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Flange Mounted

ARS Beamline at SNS
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L ow Te m p e rat u I'e VALVE W“J\ | %4 Qf“ i

COLD VALVE oV
j | .— PUMP

CONTROL

BATH —
EXHAUST

BATHOVER
>

PRESSURE” o
ﬁ VALVE L
-1 -

NITROGEN
i BATH

_HELIUM
-~ BATH

_ RADIATION
1T BAFFLE

de_ VACUUM
~ SPACES

Liquid Helium Cryostats F
« Temperature range 1.5 K - 300 K 3 Ekﬁ - p- Ajﬁagrg;:
« Flange mount or tail mount ) ‘ ‘
« Sample is held in a helium exchange gas chamber W
(IVC) at a helium pressure of 10 mbar Image from I.F. Bailey; A Review of
Sample Environments in Neutron
« Liquid helium exhausts through a heat exchanger Scattering; Z. Kristallogr. 218 (2003)

connected to IVC

. _ _ Alfred Leitner on Superfluid
« Exhausting cold helium gas passes through entire

length of annular space cooling the IVC Helium
https://www.youtube.com/watc
* Be careful not to use too much helium exchange h?v=sKOIfR50cB4
as!
g %OAK RIDGE HIGH FLUX | SPALLATION
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https://www.youtube.com/watch?v=sKOlfR5OcB4
https://www.youtube.com/watch?v=sKOlfR5OcB4

Low Temperature

3He Insert

Temperature range 0.3 K -
80 K (up to 300 K with VTI)

Achieve a base
temperature less than 0.3 K
for more than 40 hours

Maintain a base
temperature less than 0.35
K for more than 6 hours
with a 50 yW heat load

Temperature stability of +
0.003 K below 1.2 K

Dilution Refrigeration Insert

Temperature range 0.03 K -
1.5 K (up to 300 K with VTI)

Cooling power at least 40
MW at 0.1 K

=

Still

Continuous heat
* exchanger

Silver sinter step
heat exchangers

3]
. i‘_}v Muxing chamber

image from Oxford
Instruments

I — i

%OAK RIDGE

National Laboratory

image from Janis
Research Company, Inc.
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http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj43e24rsXLAhVC8z4KHQAQAf0QjRwIBw&url=http://www.janis.com/He-3_Home_KeySupplier.aspx&psig=AFQjCNGE0EbrzhJ4xIJSb6-4PgGVCI5-ew&ust=1458222775879786

Sensors for Low Temperature

: « Cernox®
S BO
® « Temp. range 0.10 K to 420 K
( [
g \&L;L - Good in a radiation field
o - Good in a magnetic field at
WH temperatures above 1 K
N 6 * Ruthenium Oxide (Rox™)
) ,4/‘\‘ _.
ch)éeBR = «  Temp. range 0.010 K to 40 K
CX-SD CX-BC

 Good in a radiation field

« Good in a magnetic field at
Image from Lake Shore Cryotronics temperatures below 1 K
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Magnets Magnetic Field Equipment:

* 0.5-3 T electromagnet: specialized
for Reflectometry or SANS

« 3-11 T superconducting
cryomagnet, horizontal field

« 5-11 T superconducting
cryomagnet, vertical field,
symmetric or asymmetric

« 30 T pulsed magnet

HIGH FLUX
ISOTOPE
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Examples of Magneti

Hybrid Magnet
Outsert Magnet .
Cryostat Cross Section Electrical and
Helium Supply for
Superconducting
Magnet

Superconducting
Outsert Magnet

Bore
Resistive
Insert Magnet
Electrical
Supply
for
Resistive
Magnet
—
—

Cooling
Water Pipes

SCMaglev test frack in the
Yamanashi Prefecture, Japan

Field Produced by:
Structural Steel Beams (30 6= 3 mT)
Large Steel Equipment (10 6= 1mT)

Motor Vehicles, Elevators (16 =01 .T)
Earth (25 4 T- 65 .T)

Heart (~100 pT)

Brain (~500 fT)

Lower limit of
SQUID sensitivity

10” G

1 MG

1kG

1uG

1nG

c Fields

[T (Tesla)]

1GT (10°) Neutron Stars

1 kT (10%)
100T Pulsed Fields (100 T); 10 ms-1ms
"DC" Fields (Hybrid: 45 T, SC: 32 T)
10T SCM for thermonuclear reactors (~ 10 T)
SCM for maglev, generators, motors (~5 T)
1T Permanent Magnets (~ 1.4 T)
SCM for MRI (~1T)
100 mT
Objects Affected:
10mT 50 G: Magnet Power Supplies
20 G: Magnetic Storage Media
10 G: Computers, Watches and Clocks,
1 mT (10-) Credit Cards
5 G: Pacemakers, Cathode Ray Tubes,
100 uT Photomultiplier Tubes, EPA Limit
for occupational exposure
10 uT 1 G: Electron Mcroscopes, RGAs
1 uT(10-%)
100 nT The Earth’s Magnetic Fielq
10nT
1 nT (10-?)
100 pT
10 pT
1 pT(10-7?)
100 fT
10 fT
1T (10-%) %O AK RIDGE HIGH FLUX
National Laboratory | REACTOR
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Magnets

Overall Physical Dimensions and
Weight

« Flange mount or tail mount

Flange diameter defines maximum
diameter allowed (700 mm typical)

(a) e (b)

B
I

Define flange: bolt holes, vacuum
boundary, etc.

Tail mount: distance from beam
center to bottom of tail

Maximum overall height (2200 mm
typical)

* Crane access: below the
hook to mounting surface

* Movement around the facility:
through doors, etc.

Total weight (including cryogens
450-1000 kg) not to exceed crane
capacity

SPALLATION
NEUTRON
SOURCE
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Magnets
Real Estate and Utilities

« Ancillary equipment such as
power supply, Helium
recondensing equipment,
vacuum pumps, etc. can
take up several square
meters of space around the
instrument

* Routing of vacuum lines,
power and signal cables
can be a little tricky

« Electrical power (U.S.):

* 60 Hzat 110V and 20
A for instrumentation

« 60 Hz at 208 V and 30
A for power supply

e 60Hzat480V and 30
A for cold head
compressor

e Chilled water

HIGH FLUX
ISOTOPE
REACTOR
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Magnets

Split Pair Magnet Dimensions
- Magnet diameter increases as vriiam:
magnetic field increases

* Roughly 600 mm for 14 T
uncompensated

Bore diam.

f—)%

_H{Angular
j opening

* Diameter can double for
compensated

Beam center

« Angular opening should be chosen
to work with detector geometry (a
few degrees is typical)

* Bore diameter should be matched to
beam width available and low
temperature inserts (VTI, DR; 50 mm T
typlcal) Magnet diameter

« Splitis the vertical height available
for neutron beam between the
magnet poles

SPALLATION
NEUTRON
SOURCE
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Magnets

Split Pair Magnet Support

Provide structural support
for the weight plus force
from magnetic field

Goal is to minimize the
amount of Aluminum in the
incident and scattered
neutron beams

Positioning of wedges to
take up “dark angle” (where
there is no detector
coverage)

Al-rings
(AW-6082)

Split-plate
(steel)

~.
N

1 mm Cd shielding
= mechanically
supported, not glued

@ Support wedges

P
20 mm unobstructed beam width for any
incident position

SPALLATION
NEUTRON
SOURCE
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Magnets

14 T Vertical Field Magnet for SNS

Working with Oxford Instruments

14 T symmetricand 12 T
asymmetric

Designed for CNCS (BL-5),
HYSPEC (BL-14B), CORELLI
(BL-9), ARCS (BL-18) and
SEQUOIA (BL-17)

+ 10° out of plane covers all of
HYSPEC, ~ 60% of CNCS
detectors and middle banks of
ARCS and SEQUIOA detectors

Total path-length of Aluminum <
6.5 mm

— 16 T FatSam magnet path-length of
Aluminum: 12.25 mm in direct neutron
beam and 79.25 mm in scattered
neutron beam

1 mm Cd shielding
=== mechanically supported,
not glued

@ Support wedges

%OAK RIDGE

National Laboratory
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Magnets

26 T High Field Magnet at Helmholtz Zentrum Berlin (HZB)

image from: https://www.helmholtz-berlin.de/quellen/ber/hfm/hfm/index_en.html
Research Company, Inc.

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

%OAK RIDGE

National Laboratory




Magnets

Stray Fields

« Stray field plots usually
provided by vendor

* Intensity decreases by the
cubed of the distance

*  What impact in the
immediate area

1 gauss: vacuum
gauges, etc.

5 gauss: pacemakers
10 gauss: computers

20 gauss: magnetic
storage media

50 gauss: magnet
power supply, stepper
motors

A2 AL A0 4 B T 8 6 N 9 R A 0 1 2 3 & 8. 8 T

=

= PROXIMITY CARD READER
PCM-1B

Ml Peu-2

= WALK-THRU PCM

HIGH FLUX
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FROM USER
CRYOSTAT

Cryogen Free?

* Inthe U.S., helium supply is
not a problem (at present) COMPRESSOR  GAS CYLIDER

PACKAGE

 Liquid Helium usage about
15,000 Liters per year HELIUM PURIFIER

« At a cost of $14.25 per
Liter, $213,750 total
expense

 Liquid Helium recovery
system capital cost of
$1,400,000

« 10 years for recovery of
capital and operating costs

« Solar panels to provide
power?
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High-Throughput Sample Changers

VISION (BL-16B) Sample Changer

« Complete initial cool-down in 4 hours
« Sample temperature <10 K

- Sample changes every 25 minutes

« 48 sample load capacity

« Up to 5 samples pre-cooled

* 7 mbar exchange gas
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High-Throughput Sample Changers

NOMAD (BL-1B) Sample Changer

* Working with Janis Research
Company, LLC

« 20 Sample capacity

« Temperature range 10 K — 800 K
« Auto exchange gas system

* Low background Vanadium tails
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Pressure Equipment:

Pressure

* 400 - 1300 bar V and TiZr cells for
diffraction

* 6 kbar and 1.5 - 300 K Helium gas
cells

« 4 GPa and 3.5 K Palm Cubic Anvil

« 1-3GPaand0.3-1.5K Clamp
cells for inelastic

e 10-40 GPaand 15 -300 K
Diamond Anvil Cells for diffraction

| 7%
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What Is Considered High Pressure?

International School of Neutron Scier
Instrumentation, July 4-13, 2018

P (atm)
4 10“
centres of white |

dwarf stars 10%
v 0™
102

centre of the Sun <
10%
10*

centre of the Earth <
100

allls
water crystallises -—~| 10¢

Mariana Trench,
11000m depth
107
water bodls at 1
75.5C at 8000m .———-—"'6"
negative pressures <

Biosphere

-~

w2

Image from: Meersman & McMillan, Chem. Cormm. 2014, 50, 766-765.

12 GPa - distortion of cellulose
structure

2 GPa - highes! pressure 10
which E coll MG 1655 cells have
been found 10 resist in the ladb

600 MPa -~ max P for
pascalisation

500 MPa - average proten
unfoiding pressure

200 MPa - fuid-gel transitions
In lipids

$0-200 MPa - dessocaton of
biomolecular complexes

110 MPa - Shewanela
onoidensis metabokam stops

52 MPa, 98°C - optimal growth
conditions for Pyrococcus CH1
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Pressure

Clamp Cell

* Max. Load : 3.5 Tons for a wall thickness of
2mm.

« Sample Space: max. 0.3 mm diameter and
0.2 mm height.

* Pressure will depend on the culet size of the
diamonds

* For a culet size of 1.7mm, Max Pressure
approx.: 10GPa

* Disadvantages: Peaks from the Material

* Choices of Material for High Pressure Cells:
* NiCrAl yield strength 2 GPa
« CuBe yield strength 1.2 GPa
« CuTiyield strength 1.2 GPa
* Maraging Steel yield strength 0.8 GPa
« TiZr yield strength 0.7 GPa

CuTi Nuts

CuTi
Cell Body

Diamonds

Sample Gasket

Sample Space

8.4 mm
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Pressure

Clamp Cell Design for
Inelastic Scattering

« 500 mm?3 sample volume for
inelastic scattering

* Fitin bore of magnet
* Non-magnetic material

* High thermal conductivity
material to cool below 4 K

 Cell components have
similar coefficients of
thermal expansion

* Yield strength of material
(NiCrAl) sufficient to
pressurize up to 2.0 GPa

« Compatible with our dilution
refrigeration insertand 8 T
magnet at SNS

« Successful experiments at 2
GPa, 0.070Kand 7T

SO WN =
D A S T A

N
|

I

Body-nonmagnetic HNU (Ni-Cr-Al) alloy

Clamping nut-nonmagnetic Ti alloy

Extrusion ring-CuBe alloy

Capsule for sample (teflon or lead)

Capsule cap (teflon or lead)

Piston of a cell- nonmagnetic HNU alloy

Pistﬁn for pushing out the sample and for generating pressure- nonmagnetic HNU
allo
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Pressure

Diamond Anvil Cell (SNAP)

 Max recorded Pressure for
Neutrons: 94GPa.

Reliable Pressures up to 40 GPa

DAC can be made of Steel with
Diamond anvils. For low
temperatures, CuBe is used.

« Sample volume of 0.4 mms3 (1st
gen cell 0.06 mm?3) 1.3 mm
diameter and 0.3 mm gasket
thickness

« Beamline Background reduction
and collimation is of utmost
importance for diamond anvil cell
measurements.

3 kbar Gas Loading System 7.5¢cm

« Enables gaseous samples
* Hydrostatic gas medium
 Hydrogen compatible

50 mm
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Pressure

Clamped diamond anvil cell with Versimax® anvils: PCD anvil
and gasket

Reliable pressures up to 10 GPa

VISION, CORELLI, HB-3A, IMAGINE, NOMAD

Opening aperture of 120°.

Pressure is applied in press and clamped in via a simple spring.
Cell can be cooled to ~5 K.

Sample volume is ~1 mm3,

U] L]

Original Vascomax design [1] Optimized CuBe design [2]

[1] B. Haberl et al, High Pressure Research 37, 495 (2017).

[2] B. Haberl et al, submitted to Re. Sci. Instr. (2018).
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High Temperature High Temperature Equipment:
« 1200 °C Vanadium ILL

1600 °C Niobium ILL
1200 °C or 1600 °C MICAS2
1500 °C Controlled Atmosphere

500 - 2000 °C Electrostatic
Levitator
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High Temperature

.. ) Power Feedthroughs
Radiative Heating Furnace T

* Customize Outer Vacuum
Chamber for detector Mounting flange
coverage ————

« Minimize background using
a thin (0.05 mm) Niobium
window instead of
Aluminum on Outer Vacuum
Chamber

« Use of Boron Carbide to Water cooled oute
prevent multiple scattering

Detectors

o® % Nb Heat Shields

Thinned
window

Sampﬁr)

Boron carbide
shielding

Structural
support
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Container-less Sample Environment

Neutron Electrostatic Levitator

Container-less sample environment: no obstruction or
reactivity from container

High temperature (500 — 2000 °C), high vacuum (10-7
torr), high voltage (30 kV, 14 mm)

Sample carousel holds up to 29 samples: spherical . ===
shape preferred, diameter 3-5 mm, mass 100-400 mg  [nstrumentation ! Mounting

— | | flange

Successful commissioning and experiments on NOMAD
and ARCS

Sample

Scattering
Window

AL collector
Access to super-cooled liquid

regime

No container to induce
nucleation
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Take Home Message

* When designing equipment, one must choose the
right materials

— Equipment must satisfy material physical properties

— Minimize amount of material in the incident and detected
neutron beam paths

— Choose neutron-friendly materials: minimize neutron
Interaction (avoid incoherent background or coherent
scattering from the equipment itself)

* There are always trade-offs and compromises:
Yield strength of material allows for high pressures
but has high neutron absorption cross section
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Take Home Message

* Build in as much flexibility as possible in the sample
area. Experiments are continuously more complex

* Don’t skimp on the utilities: Electrical power, crane
coverage, compressed air, chilled water, Helium
recovery

 Remember your neighbors: Stray magnetic fields,
neutron background

* |t Is Important to define requirements up front
* Project management: budget, scope and time
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