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Cu3Au

Microstructure of Materials

• Microstructure affects most (if not
all) macroscopic properties of
materials.

• Length scales typical span from
nanometers to microns.

• Microstructure depends on
processing. i.e. it is history
dependent and so is a
non-equilibrium effect.



Correlations and response
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SAXS of Au particles in PS
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Small angle scattering of 6.0nm gold particles in polystyrene.



SAXS of Au particles in PS

Time fluctuations in
coherent scattering.

Define correlation function:

g(2)(Q⃗,τ) − 1

=
⟨I(Q⃗, t + τ)I(Q⃗, t)⟩−⟨I(Q⃗, t)⟩2

⟨I(Q⃗, t)⟩2

= β
∣∣∣g(1)(Q⃗,τ)

∣∣∣2
= β e−2τ/τQ



Two-time correlation functions
Au in polystyrene Cu3Au
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Coherent small angle scattering

Beamline 8IDI at Advanced Photon Source



Eiger X-1M



Detector Setup
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Moore’s law for CPU chips 
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Flatfield correction
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Careful with flat field correction for photon counting.
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Latex spheres (70 nm, T=25 C)
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1000 frames at 10 ms (10 seconds of data)



Latex spheres (70 nm, T=25 C)
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Experimental Setup

Scattering geometry



Heterodyne

G2(⃗q,τ) = ⟨ [Ir(t)+ Is(t)] [Ir(t + τ)+ Is(t + τ))] ⟩
= I2

r + ⟨Is(t)⟩2
t (1+β|g1(t)|2)+2Ir⟨Is(t)⟩t +2Ir⟨Is(t)⟩tβRe(g1(t))

Moving at constant velocity gives phase factor

ei⃗q·⃗r(t) = ei⃗q·⃗vt = eiωt

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

g2(q,ϕ,τ)= 1+β(1−x)2+x2βg2
2(t/τ)+2x(1−x)βcos(ωt)g1(t/τ)



Partitioning the Scattering
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Flow measurements
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Visibility

Faster than detector readout time.
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Visibility

Ref: DeCaro et al, J. Synchrotron Rad. 20, 332-338 (2013).

New Eiger, a counting detector has “2µs electronic shutter”.

Prototype VIPIC has 153 ns framing times.



Counting Statistics
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Maximum Likelihood

χ2 =
∑

i

(ni−N pi)
2

N pi
χ2
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ni log
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N pi
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)
,

ν (nu1) =    26.1000
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Visibility measurements

For speckle statistics are negative binomial:

Pi =
Γ(i+M)

Γ(M)Γ(i+1)

(
1+

M
λ

)−i(
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λ
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)−M
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Zinger
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Threshold
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Co: FCC to HCP transition

M. Rogers talks tomorrow.

A trigger mechanism would be nice.



Conclusion

• Eiger works great for XPCS. Measurements were done a sample–detector distance 4 m and
20x20 micron beam. At sector 8 it could be placed at 7 m and this would triple the contrast.
Focussing down to 10x10 would result in β = .53

• Potential to get down to 2 microsecond resolution with visibility measurements.

• Comparing 100 Hz data too 10 Hz data shows they are equivalent for delays longer than
10. Thus there no (or little) loss by running the detector flat out.

• Control program for detector needs to be subservient to the beamline controls. Should be
triggered/synchronized to scanning the spectrometer or controlled by same electronics as
controls external parameters for environment (electric or magnetic fields etc). Flexibility
required.


