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X-ray scattering cross section and surface roughness

Incident 
x-ray

Scattered 
x-ray

(number of scattered x-ray per second into )( )dσ ΔΩ

ɑ
2 2

2

( y p )( )
(Incident flux)( )

( / )
radSC

d

E RI
I A

=
Ω ΔΩ

= =
ΔΩ 2

0 0

2 2

2

( / )

1 exp( / 2 )exp(
2

in
I A E

x σ
πσ

∞

−∞

ΔΩ

−∫2πσ ∞

dV
'( ) exp[ ( ) ] ( ) exp[ ( ) ]F dVn r i k k r dVn r i q r

→→ →
= =∫ ∫k

→ '

k
→

r
→

( ) exp[ ( ) ] ( ) exp[ ( ) ]F dVn r i k k r dVn r i q r= − ⋅ = ⋅∫ ∫

'( ) [ ( ) exp[ ( ) ]][ ]d dVn r i k k r C Cσ →→
∝ ∫

Incident 
b

Scattered 
b

2 ' '

( ) [ ( ) exp[ ( ) ]][ . ]

exp[ ( ) ( )]

dVn r i k k r C C
d

N dr dr i q r r
→

∝ − ⋅
Ω

= − ⋅ −

∫

∫ ∫
beam beam V V

∫ ∫



X-ray scattering cross section and surface roughness

2 2 ' '( ) exp[ ( ) ( )],d eN b dr dr i q r r b
d mc
σ →

= − ⋅ − =
Ω ∫ ∫

'
2 2 '

2

1 ( ) ( ) exp[ ( ) ( )]
( )

V Vd mc

N b d S z d S z i q r r
→ → → → →

→ →

Ω

= ⋅ ⋅ − ⋅ −∫ ∫ Gauss theorem
2( ) S Sq z⋅

From  assumption that                        is a function of relative position
and it has Gaussian distribution centered zero
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and it has Gaussian distribution centered zero,   



X-ray scattering cross section and surface roughness

2 2 2 2

2

1exp( ) exp( / 2 )exp( ) exp( / 2)
2

iqx x iqx dx qσ σ
∞

= − = −∫2

2 2 2 2 2

2

2
1 exp( / 2 )

2
x x x dx

πσ

σ σ
πσ

−∞
∞

= − =

∫

∫2πσ −∞

2 2( ) ( / 2)2 2exp( ) exp( / 2)iqx q x= − Bakker-Hausdorff theorem

(In rectangular illumination area)



X-ray scattering cross section and surface roughness

1 dσ→

2

1( ) ( ) is then,
x y

dS q
Nb L L d

σ=
Ω



Capillary wave and roughness

in liquid surfaces, many harmonic waves q y

called ‘capillary wave’ exist and they give 

surface roughnesssurface roughness
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??

2where =(kT/2 )qη πγ zwhere, =(kT/2 )qη πγ

If temperature, surface tension, and qxy are given, 

intensity of scattered x-ray can be calculated.
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Experimental data
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well matched withwell matched with 

experimental data



Experimental data

Poly benzyl-L-glutamate monolayer / water interface 

benzyl-L-glutamate

Forming bilayerForming bilayer

was confirmed by 

p-A isotherm and 

x-ray reflectivity  y y



Experimental data

OSDX data about PBLG 

monolayer /watermonolayer /water 

interface can be fitted 

with model but 

collapsed layer shows co apsed aye s o s

big difference.

(factor of 2) 



Experimental data

Height fluctuation inHeight fluctuation in 

second layer was 

considered



Conclusion

capillary wave contribution to surface roughness can  
b id d d t d f d t

⊙
be considered and separated from data 

Unlike pure water and PBLG monolayer cases, PBLG ⊙ p y ,
bilayer shows big difference from fitting. 

And, by using additional non-capillary fluctuation ⊙ , y g p y
model data was fitted with various coherence length   


