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Introduction

e Second denvative iswidely used to geta better
visualization of the band dispersions in ARPES
inte nsity plo t. . |
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Second derivative in Digital Image

Processing

Digital Image Processing,
Rafael C. Gonzalez, Richard E.
Woods, Prentice Hall (2001)



- Why second derivative?

e There isno theory claimmmg thatsecond denvatives
wilrecoverthe peakfeatures.
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° Parabola and its second derivative



Curvature and curve peaks
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f'(x)

Curvature is a measure of the C(x) = 3
amount of curving. 1+ f'(x)?)?



1D curvature

e De finition

f(x)
1+ f'(x)%)?

C(x)=

e Forlneartransformation, f(x) — Iof(X)
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There is an extra constant, which makes the curvature more flexible
to get the band dispersions.



The arbitrary constant

* When C,goesto infinity

e~ —L ),

(Co+ f'(x))

) ‘Curvature 1Isthe same assecond denvative.
* When C,goesto O

t'(x) is 0 at peak ~

Bt o= fff(x) : H(X)/ pOSlthIlS
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Curvature peaksappmach the ongmmalpeaks.



A computting tip

Clx) -~ — @ . f(x) :
(Co+ 10?2 (ag+ /()] f1(x) [ ma®)?

e ff(x)canbe ina very wide range depending on
data.To make the constant more robust, tisbetter
to nomalize f(x) by its maximum.

* The reasonable range ofa,isabout 10 ~ 0.001.

(However,you can go further,depending on the
data.)



E - Eq (eV)

Curvature Application
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More accurate peaks;
e Sharper bands.
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Curvature Application
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More accurate peaks;
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Curvature Application
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More accurate peaks;
e Sharper bands.



Curvature Application
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Raw data Second derivative Curvaturé



2D Lapalace Operator

 In ARPESdata, we cannotuse Iaplacian filtersinc e the
dimensionsof the two terms are diffe re nt.
2f ﬂzf
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* We can start from the Taylorexpansion
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e Using the second ordertems
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- Application
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2D curvature

e Mean curvature n 2D
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Where C =(LAx)?, C =(]Ay)?




2D Curvature Application

Raw data 2D second derivative 2D curvature

2D curvature method givesa much betterrepresentation of the
originalcharacter, with very sharp strokes.

Only little distortion can be observed nearstro ke intersec tions and
nearthe beginning and the end ofeach stroke.



2D Curvature Application
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curvature curvature

e 2D curvature method tracksthe originalband
dispersion with hicheraccuracy overthe whole
range ofenergy.



2D Curvature Application

* Femmisurface contourof Ba,g¢K Fe,As,
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Conclusions

e 1D curvature
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e 2D curvature
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