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What Is Coherence

|deal Y oung's double dlit
Intensity varies as

experiment
| =2l,| 1+cos(2zdsin(0)/ 1) |

Real Y oung's double
experiment m :/g

Intensity varies as

| =21,| 1+ Bcos(2zdsin(@)/ ) |

Fisthe contrast, determined by the angular size of the source



IHew: PracticallIs It to) VMiake: X-rays
Coherent

X=lrays passing threught a shitwill'spreaad
eUt due to) diffiraction A= /D

Collimate x=rays, sorangular divergence
eguals dififraction:.

This is a very small angle. At 65 m frem
e x=ray’ soulce the beam only diffifacts
EUL ter areund 50 wm

50 umi x 50 pwmi has 10*° Photons/s



Setup for XPCS at Sector 8 of the

w;llatﬂr




Scatterning of Coherent X-rays
QU [[€% p.(r)p.(r—r")drdr’

Coherent x-rays: exact distribution, results in a speckle pattern.

o(7)

Incoherent x-rays: statistical average

Equilibrium Dynamics are Only

Visible to Coherent X-rays
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Measuing Dynamics

Detector

Incident EM Wave




Example of atime correlation Function

Time Delay [S]



Phiase space fior XPCS
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Pynamics i Pelystyrene Eilms

Hyunjung Kim, A. Ruhm, L. B. Lurio et al., Physical
Review Letters 90 (6), 068301 (2003).

Surface height fluctuations In PSi films dnven by thermal
eneray

Surface: configuration diffuses from one random
configuration to another

XPCSImeasures relaxation time vs. lengti scale

Surface

Substrate




What de you learm

Relaxation tine: as; a fiunction of in-plane
Wavelengih neasures: the: riabie) Off VISCOSILY.
10 SUKfiace: tension

Suface displacement IS, dUe 1o moetien
througheut filnm:



Scattenng Geometny,




Time Correlation

Functions
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Depth and wavelengun

dependence agree withr theenry.

(Cheose VIscosIty asiindependent: parameter,
WIthin a factor; ofi 2)




Wihaat abeuit Multiayer Elms?

PS-PBIS Bllayers: X.
Hu, X. Jiao, S.
Narayanan, It Cure e

and J. LLal

0 suface o=0 160"

G=0000626 B interface n=0207"

10 100
delay time(sec)



Dynamics off Smectic Vembranes

Irakli Sikharulidze, Igor P. Dolbnya, Andrea Fera et al.,
Physical Review Letters 88 (11), 115503 (2002).

SMEectic mempranes: T liguid crystal
membranes; (=m)i fireely suspended frem;:an
aperture. (Smectic A phase)

DyRamics WIthiin membrane can he: determine
firom continuum; elastic theory.

Equation) off motion fier membrane:

o°u(r) 0

— —Vur+BV —KA?)u(r
Lo 2 7738t (r)+( )()




Predicted Dynamics

Can map equation’ off motion; 6nte a dampead
narmenIc oscillator

Underdampedi case: Single: elastici mode

Overdamped case: IWwoexponentially: decaying
moedes. (lhighrcompressiniity imit)




Cressover from everdamped to
Underdamped
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Wihat de you get?

PyRamICS Can prebhe: surface: tension and
Viscosity’ (lewest erder results Insensitve
10) elastic constants)

Can measure venry fast dymamics (everlaps
With neutren: spin eche)

Cannet measure medes With Iarge In:
plane wavelengtis.



Eluctuation: Dynamics: in: Block-

Copelymer Vesicles

Peter Falus, Simon; Mochre and: Matt Berthwick:.
(Yale: & VI

Block Copelymer Amphiphiles

-3 Symmetnc Sponge: Phase: Thermally,
drven spentaneous shape flucthations
I Vesicles (L4 Phase)



Poly(styrene-ethylene/butylene-
styrene) triblock + short chain PS

Cryogenic
TEM Image of
vesicle phase
in PSEBS-PS




Theoretical Predictions for
PDyRamICS

Slower dynamics allows measurement eff Wider
Wavevector range (CCD measurement vs. point detector)
Only: see overdamped modes

Results depend oni viseosity bending modulus. (& Is a
long length scale cutofi)

EXPEct nen-expoenential decay.
fig,t) = exp[—(Tt)7],

where of ~ -f-i-[l + v}, and
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Correlation functions

Stretched exponential
Wit Stretching
exponent off —2/3 as
preadictea:

Time constants agree
closely With predictions
Values; based of bulk
Values off Viscesity and
PENdING modulus.

oo q=0.012 nm™!
2ty g=0.018 nm!
e q=0.027 nm™!
ooo q=0.049 nm™!
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T=160°C, $=0.03

0.0 0.5 1.0 1.5 2.0
Reduced Delay Time

Figure 2: Normalized intermediate scattering functions [ f] plotted
vy, reduced delay time (T77) at 160°C. The data and fitted curves are
identical to Fig. 1. For clarity the data has been multiplied 1, 2. 4, 8
for the respective wavenumbers.




Euture Proespects fior XPCS
measurements of membranes and

fillms

Extendi measurements to larger in-plane
WaVveVvecetors at faster times.

Use Xx=ray’ standing WaVves o] 0/ohe SPECITic
Interfaces

Composite Materals: Nanoparticlesiemieddediin
films;; measure dynamics, ofi film and particles
sepalately

Biomembranes in water (7) Lots ofi challenges:
fast dynamics, danmage, but possible i next 5
\ears.



