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Why Coherence?

Coherence allows one to measure the dynamics of a material

(X-ray Photon Correlation Spectroscopy, XPCS).

I(�Q, t)I(�Q+δ�κ, t + τ)= I(Q)2+β(�κ)
r40
R4

V 2I20






S(�Q, t)







2

where the coherence part is:

β(�κ) =
1

V 2I20

∫

V

∫

V

ei�κ·(�r2−�r1)











Γ(�0,�r⊥2 −�r
⊥
1 ,

�Q · (�r2−�r1)

ω0

)











2

d�r1d�r2

and β(�0)≈ Vcoherence

Vscattering
with widths λ/V

1
3

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 Cu3Au

Disorder:

f=0.75 fCu+0.25 fAu

Order:

fCu, fAu



Scattering from Cu3Au
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Cu3Au Evolution
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Two-Time Correlation Functions
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Two-�Q two-time correlations
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Contrast factor
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Telegraph Waves

h0

0h

T (x) is a telegraph wave with crossings Poisson randomly distributed.
Use to model domain walls.

The trick (T(x) is ±1):

eih0T (x) = cos(h0)+ iT (x)sin(h0)

converts the phase to an amplitude.

S(q) = |F∗(q)F(q)|=
∫ ∫

| fδ|
2e2πi(1+δq)(x−x)(cos2(π/2(1+δq))+ T (x)T (x)sin2(π/2(1+δq))dxdx)

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



Telegraph Waves
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If phase shift of domain wall is 180◦ (kh0 = π/2), crossing two domain walls correlates again

and cos(kh0) = 0.
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Co: FCC to HCP transition

M. Rogers talks tomorrow.



Co: FCC to HCP transition
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CDWs in TaS2

−5 −2.5 0 2.5 5
0

600

1200

1800

2400

3000

ΔQ (10
−3Å
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CDWs in TaS2
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Experimental Setup

Scattering geometry



Heterodyne

G2(�q,τ) =  [Ir(t)+ Is(t)] [Ir(t + τ)+ Is(t + τ))]

= I2r + Is(t)
2
t (1+β|g1(t)|

2)+2IrIs(t)t +2IrIs(t)tβRe(g1(t))

Moving at constant velocity gives phase factor

ei�q·�r(t) = ei�q·�vt = eiωt

So correlation becomes (x = Is/(Is+ Ir))

g2(q,φ,τ)= 1+β(1−x)2+x2βg22(t/τ)+2x(1−x)βcos(ωt)g1(t/τ)



Shear

Imagine that velocity varies over the diffraction volume but is in steady-state.

�V (�r) =�V0+Γ ·�r

Then we get:
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For us,�q =�q, and

Ī(�q ·ΓLt) = sinc(�q ·ΓL t) =
sin(�q ·ΓL t)

�q ·ΓL t

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

(1980).



Partitioning the Scattering
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Flow correlations



Velocity profile
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Speckle �Q correlations.
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Speckle �Q correlations.
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Translations

Horizontal Shift Vertical Shift
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Flow in rubber under stress
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Conclusions

• Large angle XPCS is more powerful than small angle XPCS.
Demonstrated with three examples. More powerful, but more

tricky to interpret.

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

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

• in TaS2, measure activation energy by small temperature jumps.

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

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



•We should use cross pixel correlations.


