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High Flux Backscattering Instrument

£
3]
L
S
g
o
5
o
;
[
£
|
.....w .
€
(T
(5]




Why Neutrons?

@gth of neutD i ~ i
v E

At 2meV, wavelength of
neutrons is about 5A

v

typical length scale of interest
to researchers and industries
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http://upload.wikimedia.org/wikipedia/commons/e/e2/PMMA_acrylic_glass.png

Measurable Quantity in Neutron Scattering

Intensity of scattered neutrons do(0) K; 1
in a given direction 0: dOdE - K N Z< bibj > Si,j (Q,w)
i 1,]

Intermediate scattering function S(Q,®) or
S(Q.,t) depends only on your sample!

S(Q,w) = ]OS(Q,t)e—‘wtdt
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Intermediate scattering functions

Incoherent intermediate scattering

S self i (Q, t) _ <Z eIQ[R:l (t)-RJ (0)]
function relates the motion of a given

nucleus at t=0 and at a later time t;
@n‘elaﬁon f@
. iQ.[Ry (1)-R} (0)
5,(Q.t) = Y ellno Rl
n,m

Coherent scattering function relates
400K

position of a pair of atoms at different

L
PMMA |
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Importance of hydrogen?

Scattering cross sections

elements Incoherent coherent
cH) ~ 82 2
c(D) ~ 2 5
c(C) ~ 0 5
c(0) ~ 0 4

A(H)/B(D)

—



Quasi-elastic and 1nelastic Neutron scattering

Inelastic neutron scattering:

peaks at non-zero energy transfer. This scattering
reflects the vibrational or fast modes of the
system.

Elastic
peak

—— Intensity

Quasi-elastic neutron scattering:

peaks at zero energy transfer, but is broadened
Quasielastic compared to the instrumental resolution. It arises
from diffusive or diffusive-like processes.
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BS Time domain Vs frequency domain
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Dynamics and Neutron Backscattering

SANS Reflectormetry N Diffraction
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Why Backscattering?

Basic eq. for resolution:

Intensity [a.u.]

12 0 12
Energy transfer [ueV]

( anter for Neutron Research



Why HFBS?

Beam shutter Y

", Vacuum chamber
1) PST chopper increases effective flux
at sample almost 4 times! /

Debye-Scherrer rings

PST chopper
: Transmitted beam |

|
\ monitor (TBM]
~

T Sample position

11) BS with high energy resolution.

111) Cam-based doppler drive is able to _, .-
extend the dynamic window to £36 peV. Y ——
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Some Examples: Why HFBS?

30 T T -

0.0003 [T T [ :

— g ] 5L O Exp.data |

0.00025 o ] r ——Fit ?

*_______,C i 20} ~~ - Resolution ]:

- H 4 L i

g 0.0002 . 15l I:

s - ] E

E 0.00015 [ . ‘
2 : ]
£ 00001 3
510° | .




Choosing a right sample

CH,
A polymer example: poly(methyl methacrylate) PMMA: [-IC-CHZ-] ~050,
I
COO-CH,
Self motion of PMMA: |:> have it hydrogenated
CD,
Chain motions of PMMA: | > partially |
deuterated ['|C'CH2'] >70%
COO-CD
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Preparing your sample

Scattering depends
on your sample!

T = exp(— )

where

Transmission T through the
sample depends on thickness
and total scattering cross section
of your sample.

Sigu) (meV™)




Sample environment and cells

112) 4-40 clearance holes equally
spaced on 38.0 mm bolt circle (2) 440 blind tapped hole

5/16-18 blind tapped hole,
!__12mmdeep
Ry

(12) 4-40 clearance holes equally
spaced on 38.0 mm bolt circle

(3) 2-56 tapped through

haoles on 38.0 mm bolt cicle
205
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2900 il I 9
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[ 2525
1.00 26,00
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HFBS insert A (1.5 mm gap)
6061 aluminum

HFBS sample holder: lid
6061 aluminum

HFBS sample holder: outer can
6061 aluminum

1353 mm
1397 mm
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Data Reduction

Incoming neutron flux dependence: How to remove it? @ norm@

The factors to be considered to compare theoretical S(Q,») with experimental one:

The neutrons counted in a detector at a given solid angle will depend on:

1) Double differential cross section i
11) Incoming neutron flux e Sample dependent
111) Sample and beam size

1v) Detector efficiency
v) Analyzer efficiency

! Center for Neutron Research




Data Reduction

Incoherent
scatterer

How to convert measured S(Q,m) Vanadium
into absolute units? standard

NIST Center for Neutron Research—

DAVE

Data Analysis and Visualization Environment

For complete data reduction:

1) You have to collect sample data
11) You have to collect vanadium data for
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Finally getting S(Q,®) the one you want!

Backscattering measures total intensity:

dzO' kf (O' h oF j dPVAc80%hPEO20%
— coh L)+ inc Sinc ) g dPVAc80%h I.Io
dQdew k \ 47 Q.) 47 Q) | S

0.6

0.5 -

incoherent fraction

Good news is: et

* hPEQMdPVAC
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Let’s start a backscattering experiment

Make the monochromator and analyzers to reflect neutrons
with fixed wave vectors k; and kg

o

v

From where?

Doppler frequency = 0

Time scale? ~ |




Example of elastic scans for PVME

Elastic scans scan the motions that are
slower than instrumental resolution.

The two step relaxation equivalent of
MCT can be seen!

Faster step —

methyl group rotations

Normalized Intensities for PVME
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Some more examples:

-~
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Backscattering Spectroscopy

Need a dynamic window? I:> @N the Do@

l Velocity of

Accessible dynamic 5E D _ 2
range for HFBS ~

Doppler dynamic




Some Examples

PMMA and PMMA with PEO: 11
{08 ég
PMMA: Tg=4OOK 40.6 Q_:
PEO:  T,=220K 0.4 =
{02 §,
Relaxation time t 1s inversely 5 0 5 10 15 20

proportional to the width Energy (neV)
w.r.t. instrumental resolution!

o
m =
1

0.6}
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0.2}

S(Q,0) S(Q,®)max
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