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Relations for neutrons

ek=2n/A

e k =2 mv/h
eA=h/mv

e E =% mv?

e E =% h2/m2)\2

wavenumber - wavelength
wavenumber = momentum
wavelength - velocity
energy -> velocity
energy - wavelength

momentum transfer

Q = Kkik;

energy transfer
AE - Ei-Ef: h(l)
=Y h2l[m? (A% — A2%)]

=em (V- V2




Neutron sources yield Maxwellian type spectra

thermal
~330K
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M(A,T) = 2 a2 A (-5) exp(-a/A"(2))

Is the normalized Maxwellian spectrum, i.e. its integral
over wavelength A between 0 and «

equals 1. A is measured in units of A, T is the effective
spectral temperature in K, and

a=949/T.
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....In mesoscopia....
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Need to detect Av smaller than 104 v
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Spin-echo trick:

use precessing neutron spin as watch

Neutrons in magnetic fields:
Precession ds/dt=ysx B

= The neutron will
experience a torque
from a magnetic field
perpendicular to its spin
direction:

- Precesses with the

Larmor frequency
0, =B

~3000 Hz at 1 Gauss

— Only the strength of the
field determines the
precessionrate.




NSE spectrometer: elastic

.. neutron spin spin rotation
Neutron spin in P B

magnetic field
described by
Bloch equation:

dP: gn/uN (PXB
dt h
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NSE spectrometer: (quasielastic scattering)

neutron spin spin rotation
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NSE spectrometer: technical aspects
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TOF operation, echo evaluation and ..ramped”
flippers

Four points are sufficient 1A TOF - Mode
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Phase current

Ap =0.5817AN Al Eg; B \

1) Spin up and spin down => echo amplitude T ;:ﬂ.“
2) Periodicity in terms of phase current . o IR EES LT VO
) y P i M&é\ﬁgﬁ:{gﬁlj@? W
3) n/2 steps around the centre:E2..E4 ¢+ b AT

El= Aver + E sy Sin(e)

E2 = Aver — E g COS(9) El= Aver + E ppp €0S(¢ + Ny, (1)) Envelop(n, 1)

E3 = Aver — E sy sin(@) ' Measure echo group Envelop(n, ) and

the echo step size A) ~Al o A
E4 = Aver + E 5, €0S(9) P Pstep (1) ~Alsrep

=> Aver, E ypp, 0 => S(Q, 7) Feasibility shown by B. Farago, A. Wischnewski and D. Richter



Phase calculation
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NSE what do we measure ?

neutron spin

spin rotation
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The NSE signal, where is the information?
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Principle of NSE : Summary

<« symmetry —»
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Neutron spin Echo at the SNS

{ Note that for the SNS - NSE:

J = 1T acting along 1.2m
=~ 150000 Precessions
for 200m/s (A=2.0nm).

Accuracy: 0.1*2xn



Neutron spin Echo how to get the
dynamic range

polarizer pi/2 main precession coil pif2 Scoﬂ pi c011 pis2 main precession coil pi/2  analyzer
L |
"big echo" "big echo”
polarizer pi2 main precesgion coil pif2 Scoﬂ pi c011 pi’2 main precession coil pi2  analyzer

sma]l echo" Small echo"

Homogeneity of the field integral 103 without Fresnel coils &
106 with Fresnel coils required

- Ratio between 1, It Maybe of about the 500 for the ,,big echo mode*
- Ratio between 1, It maybe of about the 10 for the ,small echo mode*

-Wavelength band from 0.3 < A/nm < 2.0 => 300



e.g. NSE @ SNS domain ... 1psto 1us
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adapted from “Neutron Scattering

Instrumentation for a High-Powered
Spallation Source” R. Hjelm, et al.,

1 eV =241.7 988 36 (72) THz



Corrections of Field Integral

= correction coils:

superelevation
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Corrections of Field Integral

z (m)

Useful criterion:

Average relative /J 10° B .
spread (ARS) Z <1U-[Simulation 5 —g8*10"" OKI




Corrections of Field Integral

CC 2 should be negligible !
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Requirements to magnetic
environment

Phasenstability better 10°!

Means with A=15A (300m/s)

Ap = 360° x 3000 Hz/Gauss x 3m / 300m/s = 10800°/ Gauss

- AB <10/10800 G ~1 mG!!



Magnetic stray field sources

Parameterization of SNS delivered magnets !!! More than 1mG ?

15T Magnet winding parameters and self-shielded 10T magnet fitted

at several beamlines near the sample stage of the NSE!

10

1E-3

1E8 L

0.01

m 1E4 L
1E-5 L
1E-6 L

1E-7

01k

— IB-Fitl of NSF proposed 15Tmagnet
m 10T shielded magnet
m  Beamlinel2
Beamline 13
m  Beamline 14b
Beamline 17
Beamline 18
—— IBI of email supposed 10T shielded magnet

Parameter of the
HMI 15T Magnet:red curve
Main coil:
00-0.173/xyz
000.173/xyz
0.03776 0.248 frira
0.5283e7 /nl
Shielding coil:
00-0.205/xyz
000.205/xyz
0.3310.363/rira
-0.3018e5 /nl

Parameter of the 10T
Magnet:black curve
main coil

00 -0.12

00 012

0.025 0.09

0.243e7

shielding coil 1

00 -015

0 0 -0.10
0.120.16
-0.2813e6
shielding coil 2

00 010

00 015
0.120.16
-0.2813e6



Sensitivity - two criteria: phase shift and
homogeneity (15T magnet)

z=58%1e6; Q=0A’1; HMI 15T magnet in z-direction; z=phaseangle (°); Q=OA4; HMI 15T magnet in z-direction;
instrument in x-direction with sample at (0,0)

instrument in x-direction with sample at (0,0)

y (m)

X (m) x (m)

Already at distances < 19m the instrument will be disturbed !

Motivation to build a magnetic enclosure comprising the
whole secondary spectrometer



Shift (mG)

High permeability magnetic field
without shielding chamber

DC Magnetic Field
r o




The magnetic shielding enclosure

Final acceptance test
already took
place in January 2008 !




Shielding Factor
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Shielding capabilities of the enclosure

Calculated Shielding Factor along Beam Line
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Comparison: The NSE @ SNS domain

1 ps <t <1000ns
Jnax = 1.8 Tm
Shielding: less ,,noise*

10ps<t< 1000ns
Jmax =0.27Tm




Motivation

Number
Neutron Spin Echo

Publications

1N
o

B Articles, Proceedings, Reviews found as of ISI Web of Knowledge
for "Neutron Spin Echo"
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Citations per year

Citations in Each Year
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What science is relevant for the NSE

Soft and Complex Condensed Matter

Polymers melts and molecular rheology
Microemulsions and worm-like micelles
Complex fluids

Rubbers and molecular networks

Gels and polyelectrolytes

Polymeric electrolytes

Biophysics
Protein dynamics
Membranes

Relaxations and the Glass Transition
Role of primary and secondary relaxations
Displacement patterns in space and temporal evolution



Science relevance: part 2

Nanostructured materials

Nanoparticles

Diffusion in suspension of nanoparticles
Ferro-fluids and magneto-fluids
Electrorheological fluids

Transport in porous media
Diffusion or migration in gels or granular media



science case: after some instrumental changes




NSE = SANS (t=0ns) + Dynamics

E.g.: Bicontinuous microemulsion
(water and oil)




NSE = SANS + Dynamics

Longer times !

E.g.: Bicontinuous microemulsion

...needed at lower Q



Reptation model (Edwards/deGennes)
Confinement in a tube seen by NSE

coherent
scattering,
labeled chain

melt of long
chain linear
polyethylene

T I I
1 I } T
deGennes

I 1 I 0 T T |
0 50 100 150 200 0 0.05 0.10 0.15

t/ns Q

Rouse: mechanical rel. motivated, bead and spring model with friction
De Gennes: reptation




Segment displacement <r?(t)> from incoherent scattering
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Neutrons & Soft Matter

Unigue role:
@ Suitability of length and scales accessed,
especially SANS and
Selectivity varying contrast: Decipher complex structures

H <_»D
..and...use dynamics to
discriminate flexible from
rigid structures ....



Molecular Rheology of topological Polymer Fluids

: only a few branches
Industrial - linear ) _
naustrial processing in an entire molecule
are needed to alter

1 the processing
behavior

completely
H-polymer

 } RN

Macromolecular
dynamics

Topology
of the molecules

combs trees



Next step: labelling !

See how different linear ’@
sections of a
molecule move ! star \/ 5
H-polymer ’} (’\' l)
-poly \
/
¢ ¢ y

combs trees
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e.g. applications in biology !

* fluctuations of biomolecules

« diffusion in membranes /
e fluctuations of membranes

» diffusion in crowded solutions

* benchmark of MD of growing capabilities
* internal dynamics of modes

—é‘ E"']‘Dp.agg::nwata'. 500 q wveclors
L D.CRC-0, 300 g et
.-H:"‘:\:;\_:““" - —=-— Brownian mades, CPC, 400 g vectors
5 08 ~ J TR J
:% T 4 www.psc.edu/science/Tang/road to la-la land.html
S 0s a Q
il s Full potential of NSE
"lQ=17nm : t . o
colosgann MNP will be explored within
‘ ° .y oo the next years....

K. Hinsen et al. J. Mol. Liq. 98-99,383(2002)



The mer system

CHy

CHy HgX

HgXa

\hh__i,/m

Periplasm °

activation of P1

Inner
(MerC) MerT
Hg

pas .
&

Hg® Cytosol

ression af P

(Barkay et al., FEMS Microbiol. Rev. 2003)

Requlation
MerR, MerD

Uptake & Transport
MerC, MerT, MerP
Merk, MerF, MerH

Demethylation
MerB

Reduction
MerA



The mer system : what it does /

N-A Hg?* Handoff Hypothesis ”

® Hg?" handoff: T2 N—A?

® N-terminal domain (N)

hypothesized to protect cell,
shuttle Hg?" from T and A

® A previously solved; no N or
full-length N-A structure

® Crystalize N-A and Hg?*
handoff intermediate:
handling mechanism

® N—A model for T—N




Full-length MerA

 Model of full-length MerA with linkers
— NMR structure of momomeric NmerA
— Crystal structure of dimeric core (PDB: 1ZK7)

NmerA ®
1-69 ;-

27 aa linkers

/‘~

¢ "1 ~

!( A{ ) Catalytic domain

\} 96566

New NSE (1us), simulation and modeling (supercomputer)
and sample preparation lab. in the ORNL => success !?!



Glass Methods

e Inelastic/Quasielastic Neutron Scattering ¢ Light Scattering

—  combined information dynamics/structure —  large spectroscopic range (ps...s)
—  isotopic labelling allows access —  large scale

to specific information structure

on chemical information

groups/components

e Rheology
—  macroscopic
mechanical
° Dielectric properties
Spectroscopy e  Calorimetry
— large . . "
spectroscopic — identification of glass transition

range (ns...s)

e  Computer Simulation

— access to individual particle motion




NS e.g. glass forming polymers: a- vs pB-relaxation
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frequency vibrations
suppressed in
confinement — lowest
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Time-temperature shift factors Ty from macroscopic viscosity are applied

Challenges: dynamic length scales

nature of 3-process and boson peak (PDOS ?)

o,[3-merging
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e.g. relaxation phenomena in polyisoprene

T,=213K

In

CH, M=105g mol-2

C PI(D)/PI(D+H)>0.98
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NSE: The Q - dependence (T<343K)
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Shift factor a,and Q -dependence
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How do secondary relaxations couple to
stress relaxations?

NSE Experiments at low and high Q for
various polymers

Acitvation Energy
JG — process (1,=1013s/ 220K): AE= 3698K*k,
Mech. relaxation* (1,=1013s): AE= 3883K*k,

* K. Schmieder and K. Wolf, Kolloid Zeitschrift 134, 149 (1953)



Typical experiment

e sample size 3x3cm”2 , sample cells are Hellma Quartz
or Aluminum cells

 transmission of about 60% for small angles and typical
soft matter (polymers)

e 10"5n/(cm”2*s) on sample

e each tau and Q setting costs of about 30min to 6h
(depending on sample)

* resolution measurement, graphite, elastic scatterer

« sometimes buffer like D20

o typical experiment time 7 to 14days

 temperature from 10K to 600K



Summary

-NSE is the only neutron scattering method measuring the
slow dynamics of materials

- The technigue bases on encoding and decoding tiny velocity
changes of the neutrons in the sample into neutron spin
precession

- It is the highest energy resolution neutron scattering
method and measures S(Q, T) instead of S(Q,w)

- With the invention of the technigue in early 1970 a growing
interest can be reported
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