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|Why Coherence?l

Coherence allows one to measure the dynamics of a material
(X-ray Photon Correlation Spectroscopy, XPCS).
- - . R - 2
(18,010 + 8,1 +7)) = (1(Q))* +B(R) 15V |S(0.1)|

where the coherence part is:

. >
- 1 % (77 L L Q- (BR-7) . -
B(K):Vzlg/v/veK(z 2 F(O,r2 — I, 0 ) dridr;

and B(0) ~ Veelerence with widths A,/V3

scattering

Reference: M. Sutton, Coherent X-ray Diffraction, in Third-Generation Hard X-ray
Synchrotron Radiation Sources: Source Properties, Optics, and Experimental

Techniques, edited by. Dennis M. Mills, John Wiley and Sons, Inc, New York, (2002).
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(Order-disorder phase transitions in Cl/t3Al/tI
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Scattering from Cuz;Au
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\CugAu Evolutionl
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Two-Time Correlation Functions
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\Telegraph Wavesl

Y

T (x) is a telegraph wave with crossings Poisson randomly distributed.

Use to model domain walls.
The trick (T(x) 1s £1):

eI = cos(hg) + iT (x)sin(h)

converts the phase to an amplitude.

S(q) = |F"(q)F(q)| =
/ / | f5[ Xm0 (o5 (m/2(1 4-89)) 4 (T (x) T (x') ) sin? (m/2(1 + 8q) )dxdx)

Reference: E. Jakeman, B. J. Hoenders. Optica Acta, 29, 1587, (1982).



\Telegraph Wavesl
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Co: FCC to HCP transition]
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Co: FCC to HCP transiti0n|
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\CDWS in TaSzl

— 711 o
S
= -8 o ° o
-9
v samplel 2 | ° 8% doped
6 le 2 -1 '
sample 25 27 29 341
1/T(1073K Y
g .
e kbal" 4670 K
ll"w IIIII B
e v
R ,
U, 4460 K
2.55 2.65 2.75 2.85
-3
x 10



Outline |

1. Introduction

2. Order-Disorder transtions: CusAu
3. Martensitic transtions: Co

4. Charge Density Waves: TaS,

5. Heterodyne

6. Translations

/. Rotations

8. Shear

9. Conclusions



|[Experimental Setupl
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\Heterodynel

Ga(q,7) = ( Ue(r) +L(0)] (Lt +7)+ (1 +7))] )
= 17+ (L(0)); (1 + Blga (1) [*) + 2L (L (1)): + 21,(1(t)) BRe (81 (1))

Moving at constant velocity gives phase factor
elq-r(t) — P4Vt — o

So correlation becomes (x = I;/(I;+1,))
g2(¢:0,7) = 1+B(1 —x)*+x°Bg3(r/7) +2x(1 —x)Bcos(exr)gi(7/7)
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Figure 2.9: A sketch in the xz plane of an infinite, parallel-plate channel of height k. The
system is translation invariant in the y direction and fluid is flowing in the x direction due
to a pressure drop Ap over the section of length L.



Imagine that velocity varies over the diffraction volume but is in steady-state.
‘7(7) = ‘7() +I.7
Then we get:

4
Gi(g,t) = exp{—/ [Dq’2+i\70-q’2]dt’}/d)?l()_c’)exp{ /dt’ﬁ’ Fic’}
0 0
J

t t
= exp{— [Dq’2+i\70-q’2]dt’}l_</ dt’ﬁ’-l“)
0
and

2
G,(g,t) = exp{—Z/ dt Dq’z}‘ </ dr'q - F)
0 0

For us, ¢ = ¢, and

sin(g-T'Lt)

qg-I'Lt

Ref: G.G. Fuller, J.M. Rallison, R.L. Schmidt and L.G. Leal, J. Fluid Mech., 100, 555
(1980).

I(G-TLt) =sinc(g-TLt) =




[Partitioning the Scatteringl
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‘Speckle Q correlations.l
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Speckle Q correlations.
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|Translati0ns|
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Flow in rubber under stress]
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\Conclusions |

e Large angle XPCS 1s more powerful than small angle XPCS.
Demonstrated with three examples. More powerful, but more
tricky to interpret.

e In Cu3Au, see speckles shift (but not lattice constant) and mea-
sure a contrast twice measured instrumental contrast.

e In Co, see intermittent dynamics and get structural information
on the avalanches.

e in TaS,, measure activation energy by small temperature jumps.

e Note these can be consider as high diffraction resolution mea-
surements in low resolution

e Co-ordinated speckle shifts give further detailled information.
Can meaure diverenges, rotations and shear.



e We should use cross pixel correlations.



