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Surface band of Cu(111)
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Experimentally observed (ARPES) and calculated 
(Density Functional Theory +plane-wave+pseudopotecial, 
PWSCF code) surface bands agree well.



Normalized intrinsic emittance
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The surface parallel component of the crystal momentum (ħk) of 
the electron will be preserved during emission through direct transition.
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Cu(001) (3rd  surface band)

:  half the angle of the 
   emission cone 

: for electrons emitted from the 
Fermi-level from the center 
of the Brillouin zone.
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Calculations using the PWSCF code with planewaves &DFT PBE 
(also with PW91) pseudopotentials (norm-preserving and also ultrasoft).
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Picture from: L. Giordano et.al, 
J.Chem.Phys. 127, 144713 (2007)

10/14/2010 3P/BNL

Inspiration from Surface Catalysis: 
Tuning  Work Functions by Oxide 
Overlayers

The catalytic activity (e.g. charging 
Of deposited atoms and clusters) 
of surfaces is a function of the 
number of deposited oxide 
monolayers.

MgO/Ag(001) is one of the most 
frequently investigated surfaces.
Well fitting interface due to close
(FCC) lattice parameters:
4.216 Å (MgO) & 4.086 Å (Ag) 

Huge work function reduction due 
to MgO:
Φ

work
[Ag(001)]=4.64 eV

Φ
work

[MgO(2-8ML)/Ag(001)]=2.92 eV

First predicted, then experimentally 
measured and confirmed.
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Can we tune the shape of 
the surface bands 
and thus the emittance?

Coloring
of atoms:
Mg
O
Ag

K. Németh et.al, Physical Review Letters, 

104, 046801 (2010)

The transverse intrinsic emittance is a function
of the number of MgO overlayers, with
a minimum at n

MgO
=2,3 and with 

ε
nintr

=0.06mm mrad, better than the critical 

value of ε
nintr

=0.1mm mrad required for new xray 

sources. Maximum sensitivity to n
MgO

 can be 

 achieved with thin Ag (<<8ML) and MgO on
both top and bottom surfaces. The work function
greatly reduces from ~4.6 eV (Ag) to 2.92eV 
(MgO/Ag) due to the MgO overlayers.



Practical Implementation

Remaining questions:

- Effect of surface 
roughness and point defects.

- Effect of external E field.

- Stability of surface layers.

- Optimal design of 
illumination.
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Some Basic Nanophotonics Phenomena

Ebbesen, et.al, 
Nature, 391, 667 (1998)

320 nm
plasmon 
wavelength
of silver
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t: thickness of metal layer (typically 2-300 nm)
d: diameter of nanoholes (typically 150 nm)
a

0
: period of nanoholes (typically ~1µm in a 

square array)



Utilization of Nanophotonics Phenomena

C. Genet & T.W. Ebbesen,
Nature 445, p39 (2007)

Sub-wavelength nanoholes behave similarly to nanorod-arrays and can 
serve as substrate for backside illumination and higher harmonics 
Generation. Put MgO over nanoholed Ag layer.
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Old illumination scheme:
Start from λ=~1μm laser wavelength,
generate 2nd  higher harmonic through 
photonic crystals to get λ=266nm light
(with great loss of energy), generate 
required shape of the λ=266nm pulse
(difficult for small wavelength).

Suggested new scheme:
Start from λ=~1μm laser wavelength,
shape pulse in the long wavelength 
region (easy), illuminate nanoholes from 
back and use them to generate higher 
harmonics of λ=266nm wavelength that 
will induce electron emission from the 
top MgO/Ag interface at the other side of 
the Ag layer.
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Utilization of Ponderomotive Acceleration  
to Generate Bright Electron Beams

Addition of ultrathin MgO layers 
would substantially reduce the 
workfunction, and further improve
the brightness of the emitted 
electron beam.  

Another design based on ponderomotive 
acceleration of electrons of surface 
plasmons in a nanohole/nanorod array.

Picture from: P. Dombi & P. Rácz, 
Optics Express, 16, 2887 (2008)
(simulation of high-brightness beam 
generation.
See also:
J. Kuperstych, et.al, “Ponderomotive 
acceleration of photoelectrons in 
surface-plasmon-assisted multiphoton 
photoelectric emission”,
PRL, 86, 5180 (2001).
 



High Brightness Photocathodes Based on Transparent Metals:

The transparent metal provides a conducting support where no electron-excitation
will happen, thus electrons won't have to travel to the surface from large distances.

Electron-electron scattering (2nd  step of the 3-steps model) will be substantially 
reduced due to light absorption confined to the thin non-transparent metal coating. 
The thickness of the light-absorbing metal coating is a small fraction of light's 
attenuation length in the same metal.

It can be illuminated from the top or from the back-side, or multiple reflection can 
happen in the transparent metal layer. It can be combined with the Kretschmann 
arrangement of surface plasmon generation.
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CONCLUSION:

A COMBINATION OF ULTRATHIN OXIDE OVERLAYERS 
ON METAL SURFACES

WITH NANOTECHNOLOGY AND NANOPHOTONICS  
MAY PAVE THE WAY TOWARD

HIGH BRIGHNESS ELECTRON AND X-RAY SOURCES.

THANKS FOR THE ATTENTION! 
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