
Ggevorky@asu.edu

Effects of Chemical and Physical 
Roughness on MTE
Gevork S. Gevorkyan
Graduate Student, ASU
October 15th 2018

Center for

BRIGHT BEAMS
A National Science Foundation Science & Technology Center

1



Ggevorky@asu.edu

Emittance relation to MTE
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Beam Brightness, B = Charge density in phase space

𝐵4𝐷 =
𝑁𝑏𝑢𝑛𝑐ℎ
𝜀𝑛𝑥𝜀𝑛𝑦

𝑥

𝑝𝑥

𝜀𝑛𝑥 - Emittance

𝜀𝑛 = 𝜎𝑥
MTE

𝑚𝑒𝑐
2

MTE =
1

2
𝑚𝑣⊥

2 𝐵4𝐷 ∝
𝑬𝒛
𝐌𝐓𝐄

#1:

#2:
𝑁𝑏𝑢𝑛𝑐ℎ ∝ 𝜎𝑥
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Surface roughness contribution to MTE
Physical Roughness
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Refs:
• R. U. Martinelli, Effects of cathode bumpiness on the spatial resolution of proximity focused image tubes, Appl. Opt. 12, 1841 (1973)
• M. Krasilnikov, Impact of the cathode roughness on the emittance of an electron beam, Proc. FEL Conf. (2006), p. 583.
• K. L. Jensen, Emittance, surface structure, and electron emission, Phys. Rev. Accel. Beams 17, 043402 (2014).
• D. J. Bradley, The transverse energy of electrons emitted from GaAs photocathodes, J. Phys. D 10, 111 (1977).
• T. Gorlov, High-precision calculations of quasistatic field near a photocathode surface microrelief, J. Electrost. 65, 735 (2007).

-Gorlov 2007
𝐌𝐓𝐄 ∝ 𝑬𝒛
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Surface roughness contribution to MTE
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- S. Karkare (2015)

Chemical Roughness

Refs:
• S. Karkare, Effects of surface nonuniformities on the mean transverse energy from photocathodes, Phy. Rev. Applied 4, 024015 (2015).

𝐌𝐓𝐄 ∝
𝟏

𝑬𝒛
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Surface roughness contribution to MTE
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Physical & Chemical 
Roughness
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Formalism for computing electric potential

Boundary conditions:

𝑈|𝑧=𝐿0 = 𝜙 [1]

𝑈(𝑥 + 𝐿𝑥, 𝑦 + 𝐿𝑦 , 𝑧) = 𝑈(𝑥, 𝑦, 𝑧) [2]

𝑈|𝑧=𝑓 𝑥,𝑦 = 𝑈0(𝑥, 𝑦) [3]
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Refs:
• T. Gorlov, High-precision calculations of quasistatic field near a photocathode 

surface microrelief, J. Electrost. 65, 735 (2007).
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Basis functions:

𝜙 → 𝑒−𝛾𝑧 cos(
2𝜋

𝐿𝑥
mx) cos(

2𝜋

𝐿𝑦
ny)

"… cos() sin()
"… sin() cos()
"… sin() sin()

Need to solve 𝑐𝑖 for [3]:

𝑈|𝑧=𝑓 𝑥,𝑦 = 𝑈0(𝑥, 𝑦)

Ansatz for [1] and [2]:

𝑈 = ෍

𝑛=1

4 𝑁+1 2

𝑐𝑖 ∙ 𝜙𝑖(𝑥, 𝑦, 𝑧)

Formalism for computing electric potential
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Ritz method to solve:

𝜀 = ඵ
𝑆

𝑈0 𝑥, 𝑦 − ෍

𝑛=1

4 𝑁+1 2

𝑐𝑖 ∙ 𝜙𝑖(𝑥, 𝑦)

2

𝑑𝑥𝑑𝑦

1
2

Differentiate 𝜀2 with respect to each coefficient 𝑐𝑖 and 
equating the derivatives to zero.

Formalism for computing electric potential
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Solutions form a series of equations:

𝐵 = 𝐀 ∙ റ𝐶

𝑏𝑗 = ඵ
𝑆

𝑈0 𝑥, 𝑦 ∙ 𝜙𝑗 𝑥, 𝑦 𝑑𝑥𝑑𝑦

𝑎𝑖𝑗 = ඵ
𝑆

𝜙𝑖 𝑥, 𝑦 ∙ 𝜙𝑗 𝑥, 𝑦 𝑑𝑥𝑑𝑦

Formalism for computing electric potential
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Application of formalism for 𝑒− tracking
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Application of formalism for 𝑒− tracking
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INPUT

Application of formalism for 𝑒− tracking
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OUTPUT

Application of formalism for 𝑒− tracking
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-Tracker utilizing Velocity Verlet equations

-Electric potential computed for step-wise 
acceleration of each 𝑒−

Nfq = 45, stop electrons at ~10L

Application of formalism for 𝑒− tracking
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-Tracker utilizing Velocity Verlet equations

-Electric potential computed for step-wise 
acceleration of each 𝑒−

N = 45, stop electrons at ~10L

Application of formalism for 𝑒− tracking

-- AFM
-- KPFM
-- Sum

Both
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-Tracker utilizing Velocity Verlet equations

-Electric potential computed for step-wise 
acceleration of each 𝑒−

N = 45, stop electrons at ~10L

Application of formalism for 𝑒− tracking

-- AFM
-- KPFM
-- Sum
-- Both
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MTE of Cs3Sb at 90K

Ref:
• L. Cultrera, Cold electron beams from cryocooled, alkali antimonide 

photocathodes, Phys. Rev. Accel. Beams 18, 113401 (2015).
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