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Review of Three -Step Photoemission (PE) model  

For thorough descriptions, see:  
 
W. E. Spicer, Phys. Rev., 112 114 (1958) 

M. Cardona and L.Ley: Photoemission in Solids 1, (Springer-Verlag, 1978) 

W. E. Spicer & A. Herrera-Gomez, SLAC-PUB-6306 (1993) 

D. H. Dowell et al., Appl. Phys. Lett., 63, 2035 (1993) 

 

 
J. Smedley, P3 workshop 2016 

K. L. Jensen, P3 workshop 2016 

L. Cultrera, EWPAA 2017 

J. Smedley, EWPAA 2017 

1.  Optical excitation of electrons  

Á Reflection 

Á Transmission 

Á Energy distribution DOS 

2.  Migration of electrons to solid surface  

Á e--phonon scattering (momentum change) 

Á e--defect scattering (momentum change) 

Á e--e- scattering (energy change, metal) 

Á Random Walk (Monte Carlo) 

3.  Escape to vacuum  

Á Overcome work function 

V Eg(band gap) + Ea(electron affinity) for semiconductor  

V Eg variation, Ea variation 

V Surface potential reduction due to field effect    
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Motivation of further PE modeling at PITZ  

> Explain PE associated measurement-simulation discrepancies in the gun 

ÁCharge  production  

ÁSlice energy spread  

ÁBunch length  

ÁBeam asymmetries , etc. 

> Assist semiconductor photocathode R&D 

Our Challenge:  Improved modeling of photoemission process  

Ą At the semiconductor -vacuum interface in the gun  how to model quantum mechanics  

with the presence of strong electromagnetic fields (RF + SPCH = collective  effects)  

Background:  
 

+ Photocathode R&D usually focuses on "single electron" emission mechanism  

+ Operation condition of PITZ for optimized emittance @ transition regime between QE and space   

   charge limited emission regimes  

+ Classical electrodynamics  seems not sufficient explaining transient PE process  

+ Intrinsic emittance modeling not yet thorough 
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Space charge dominated PE modeling  

1.Driving (UV) laser  

ÁRealistic transverse (Virtual-Cathode-based Core+Halo model*) distributions 

ÁRealistic temporal distributions 

Ÿ initializing transient emission process  

 

2.Photocathode  

ÁQE map and QE characterization 

Ÿ intrinsic emission homogeneity 

 

3.EM fields in close cathode vicinity  

ÁRF, image charge & space charge  

Ÿ time and space dependent cathode work function modulation 

 

4.Quantum mechanics with the presence of strong EM 

fields at Semiconductor -Vacuum interface  

ÁSurface states 

ÁBand bending  

Ÿ time and space dependent electron affinity variation 

Ÿ kinetic energy variation 

 

5.Others  

Á Temperature              

ÁSurface charge limit**  

ÁSecondary emission, etc.     * C. Hernandez-Garcia et al., NIM A 871 (2017) 97ï104 
**M. Zolotorev, SLAC-PUB-5896 ,1992 

Cathode UV laser spot  

Laser temporal profile  

QE homogeneity  
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Input charge [pC]  

Extracted charge with core + halo for 0.8 mm beam 
diameter with 1.5 ps rms  Gaussian temporal  at  maximum 

cathode field ( f0=90o) 

Status: Core + Halo Model applied to ASTRA simulations  

Laser radial 

distribution 

image 

Transverse 

radial profile 

core + halo 

Generated 

ASTRA input 

distribution 

core + halo 

Nominal ASTRA 

input uniform 

distribution 

Nominal 

transverse 

uniform radial 

profile 

If a uniform distribution is used instead,  

the charge saturates  

0.80 mm 

0.68 mm 

╔ ╜╥Ⱦ□ 

╔ ╜╥Ⱦ□ 

╔ ╜╥Ⱦ□ 
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ASTRA simulations for Gaussian  pulses using Core+Halo  

> BUT for flattop photocathode laser pulses  

X-Xô Y-Yô X-Xô 

X-Y X-Y fgun=MMMG 

Q=0.5nC 

ex=0.82 mm mrad 

ex=0.84 mm mrad 

Parameters 

ñpluggedò from 

measurements: 

fgun=MMMG 

Q=0.5nC 

ex=1.05 mm mrad 
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? 

MaxB[T]=-(A+B*0.982*Imain[A]) 
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Status: ASTRA simulations for 2011 case using Core+Halo  

> BUT for flattop photocathode laser pulses  

X-Xô Y-Yô X-Xô 

X-Y X-Y fgun=MMMG+6° 

Q=1nC* 

ex=0.72 mm mrad 

ex=0.60 mm mrad 

Parameters 

ñpluggedò from 

measurements: 

fgun=MMMG+6° 

Q=0.97nC 

ex=2.5 mm mrad 
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Status: PE modeling using a 3D full EM Lienard -Wiechert 

(LW) approach*  
ü LW Approach with 3D emission process  
Á LW solution for the electromagnetic field of a charged 

particle in arbitrary motion 

Á Full particle trajectory stored and used for field 

computation 

Á Charge production per simulation time step: 

Á Field-induced work function modification: 

*E. Gjonaj , TEMF, TU Darmstadt  
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 K. Jensen, 2007 

ü Status  

Á Dynamic  generation of emitted particle distribution at cathode 

according to time -dependent  emission models, taking into account 

full  electromagnetic fields (RF + space-charge) during emission 

Á Charge production in QE limited regime  agrees with measurements  

Á In space charge dominated regime, remaining deviations w.r.t. 

simulations probably due to: 

V Ideal beam distributions initially plugged in the simulations or/and  

time dependent work function variation resulting from quantum 

mechanics 


