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Coherent diffraction |

(001) CuyAu peak

Sutton et al., The Observation of Speckle by Diffraction with Coherent X;tdgture, 352, 608-610 (1991).



Why Coherence:.]

Coherence allows one to measure the dynamics of a material
(X-ray Intensity Fluctuation Spectroscopy, XIFS).
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Reference: M. Sutton, Coherent X-ray Diffraction,Tihird-Generation Hard X-ray

Synchrotron Radiation Sources: Source Properties, Optics, an&xperimental
Techniques edited by. Dennis M. Mills, John Wiley and Sons, Inc, New Yq&)02).



SAXS of Au particles in Pg

pixel

Define correlation function:
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Time fluctuations in coherent
scattering.



Two-time correlation functions

AU In polystyrene CuwAu

Quench from 425°C to 384°C

5 10 15
1000 2000 1(10%sec)
t1 [sec]
ﬁ i ﬁ
0.20 L T T T T = ]
L ] 0.10|- . 4
Y, L Vs
L WA S L TN i
L o F) “:% i
0.15 ‘g "‘ v,\xé,ﬁ'
8 o
‘g’ I W Z{ h
o L %% “}t 4
- 005 Wt F 4 .
L 0.10 IR AP ]
(@)] - y oy N 1‘ X Y
32 3% Y PN v 7
VAS V/b, -] X
| B Fal DR K U |
LY 1 e\ #
0.05 g e g RN
0.00 i e A TG N W - B -
-20 0 20
t2-t1(103sec)
0.00 T T I BN | I A
10.0 100.0 1000.

time [sec]



Scientific Case for an Energy-Recovery Linac at Cornell University
X-Ray Photon Correlation Spectroscopy

Detlef-M. Smilgies, CHESS

Scientific Applications

Frontiers of the technique are compiled in the following subsections:

e Phase Transitions and Domain Wall Dynamics

¢ Dynamics of Complex Fluids

¢ Dynamics at Surfaces

¢ Dynamics of Lattice Defects and Disordered Systems

e Ultrasoft Modes in Soft Condensed Matter and Biological Systems



“Real” Equation of Everything

Langevin dynamics (Models A through J):
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and (generalized Einstein-Stokes/fluctuation-dissopati
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Reference: Section 8.6EFinciples of condensed matter phys€kaikin and Lubensky(1995).



Equilibrium Time Dependencg'

In equilibriumF has no linear term I so equation of motion

becomes:
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Where the structure factor is:
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1°° 1) Equation of motion from J. S. Langer, M. Bar-on,

620 and H. D. Miller, Phys. Rev. Al1, 1417 (1975).

'580 2) Data from: Mainville et al, Phys. Rev. Let?8,

2787 (1997).
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Signal to Noisg

Signal isg, — 1 = B and variance of isar(g,) ~ 1/(n*N). So:
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Note 1: This is linear in number of photons (as opposeg/m.
Note 2: For fixeds/n ~ al /1/a%. Thus am-fold increase in
intensity is am?-fold increase in time resolutiomMeedvery fast

detectors.
Reference: Area detector based photon correlation in the registedf data batches: data

reduction for dynamic x-ray scattering, D. Lumma, L.B. Lurio, S.®4ochrie, and M.
Sutton, Rev. Sci. Insti71, 3274-3289 (2000).



Signal to Noisg

More explicitly:
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Detector Resolutiod

Speckle size (width d8(K)) is given by diffraction limit of beam:

A dcoh
NO~ — ~
dcoh Rdet

to resolve on detector. Thus
dcoh

Raet = —

Problem if horizontal and vertical lengths are too différenif
any coherence lengthisolong.

Similarly, don’t want too large a mismatch between speckde s
and the “diffraction width” of sample peak.

Focus for a virtual source, for 1.5A , a 100 source at 10m
givesd.on = 15um.

|deally optics could tune coherence lengths.




Order-disorder phase transitions in CusAu

Disorder: Order:
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Scattering from CU3AUI
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Scattering from CusAu

=129

t=120m
mannn

4UUU_|\|.|\|T77\D|WT|.\\M7

in t=7A80min
Wil —apg LT L

3000 3000
2000 2000
1000 1000
0
\|||\|| 1 \\|||\ ||||||E P U‘I\IE
—1008-B00-600-400-200 —1008R00-600-400-200 —1008800-600-400-200
=189 =329 4000J\|||\}Tﬁ‘\t|0:1|]iln|l‘\\\?‘mnnilw\\llﬁ???m‘nlllh?mnnillh‘\\[:\Ieol iln\\‘l\l

RN | [ ) [T

—1008-800-600-400-200 -1008800-600-400-200 —1008806-600-400-200




Two-Time Correlation Functions

Non-stationary so autocorrela ’tgl)(;i'l()‘;’tm
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Upgrades to the beamline allow us to obtain better data,-es
cially important for the early time region.
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Particle Size Effectg

Q and@ dependence




Non-Gaussian Naturg

Intensity related to Fourier transform of density-density
correlation function. For non-zero correlations, mustehpair of
points within a correlation lengt&

(6p(F1,0)0p(F2,0)0p(F3, T)0P(F4,T)) ~ (0p(F1,0)0p(F2,0))(dp(F3,T)0P(F4,T))
+ (0p(T'1,0)0p(T3,0)) (dp(T2, T)OP(T4, T))
+ (0p(T'1,0)0p(T3,0))(dp(T3,T)OP(T2, T))
This overcounts the volume when all fatirare within the same
correlation length. When Fourier transformed, this cdroecis
of order(&3/V)2.



Gaussian Decoupling

(0,110, 12)); = (W(Gt)¥(0,t)P"(0, 12) ¥(T, t2))
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Where:  S(0,t1, 1) = (W5, t) (T, 1)) andl(d,t) = S@G,t,t)



Metrology (high resolution from broad scattering)|

Quasistatic X-Ray Speckle Metrology of Microscopic MagnetatiRn-Point Memory, M.S.
Pierce, R.G. Moore, L.B. Sorensen, S.D. Kevan, O. Hellwig, Ellerton, and J.B.
Kortright, Phys. Rev. Lett90, 175502, (2003).
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FI1G. 4 (color enlinel The measured major boop microscopic
correlation coefficients for the 12 mT sample. The circles and
squares (the triangles) represent the correlations between the
first and the second (eleventh) loop.



Experimental SetuH

X-rays

Refere@ - \_Sjnple

Scattering geometry



Rubbeﬂ
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Scattering of model rubber
(EPR with carbon black)



Heterodyng'

Go(,t) = 17+ (Is(t))£(1+ Bloa(t)]*) +
20 {1s(t))e + 2 (Is(t) ) BRE(Ga ()

Moving at constant velocity gives phase factor
e|q Vt__ |u)t

So correlation becomex & Is/(Is+ 1))
02(0, @.1) = 1+ B(1—X)*+XBy*(t/T) + 2x(1—x)Beog wh)y(t/T)
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Wave vector dependenc'e

T for var. ¥ vs q
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Hydrodynamics|

For instance given densify(X,t) and
momentum densitp(X,t)V(X,t):
{p(X.1), (X t)Vi(X',t") }pg = Li(P(X,1) (X — X))
Thus 5
a—f = —0-(pv)

and (linearizing for simplicity)
O(PV) _ = |(9P

ot op
(p Is pressure an8is entro oy).

These are the linearized hydrodynamic equations.
Reference: Section 8.6B8inciples of condensed matter phys{€kaikin and Lubensky(1995).
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Conclusiong

1. Understanding the time evolution of the microstructgr&ay
to understanding Materials Science.

2. XIFS is a powerful and direct way to measure this dynami
both in and out of equilibrium.

3. This dynamics is controlled by the thermodynamic flucturest
of the system and XIFS directly measures these.

4. Did not show many examples, but has been done in SAXS, [
fuse Reflectivity, Short-range quasi-Bragg peaks. Ess8nti
all forms of diffuse scattering

5. Can heterodyne. This will give access to understanding
microscoptic structure controls visco-elastic propsr{rebber).
Can separate advection from disspation effects in the amua
of motion.



6. Can use speckle to obtain high resolution structural méor
tion from “very disordered” materials. (Thermal expansain
a glass, reversible and irreversible hysterisis effectsagnetic
domains).

/. Two-Q Two-time correlations give unique information abo
microstructure. non-Guassian fluctuations.



