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Future x-Ray Sources & Colliders 
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Non-Uniformity & Emittance Growth 



U.S. Naval Research Laboratory 

Energy Spread and Delayed Emission 

The Modeling of Delayed Photo-Emission Processes in PIC Codes |  5 



The Modeling of Delayed Photo-Emission Processes in PIC Codes |  6 U.S. Naval Research Laboratory 

Program 

PROGRAM GOALS 

• Development of physics- and materials-based time-delayed photoemission model 

that captures sub-micron features 

• Models to enable the prediction of emittance, QE & dark current from micro/nano 

features 

 

UNIQUENESS OF METHOD 

• Development of a software library that houses new first principles delayed 

emission models 

• Enables new models to be available for other codes: IMPACT, MICHELLE, 

NEPTUNE, ICEPIC, etc. 

• Verification, Validation & Dissemination  

• Library and models will be tested, vetted, and disseminated to the community 
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Traditional 

MICHELLE Problem Classes  

CATHODE 

Electron Beam 

Vacuum Vessel Anode and 

Beam Pipe 

Location 

CPI CPI NRL 

NRL Boeing NASA 

NR

L 

NRL/B

WR 

NRL 

NRL / BWR SLAC 
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MICHELLE Problem Classes: 

Field Emission  



Flat 

Bumpy 

Jhf + v v Jhf 

 Photoemission:  Work Function Variation & Surface Structure 

Uniform Crystal Face to Grains 

Variation in Crystal Face Increases Emittance by 

Factor of 5x 

Flat to Bump in Photoemission Model 

Current Increases by 10% 

Emittance Increases by 6x 

1 MW/cm2 

10 MV/m 

FROM:  J. Petillo, D. Panagos, K.L. Jensen, B. Levush Proceedings of the Particle Accelerator Conference, (2007). 
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MICHELLE:  

Code Description 

Finite Element Approach – linear, quadratic, cubic  
Two Electrostatic Particle-In-Cell (ES-PIC) methods 

− SS: Equilibrium Steady-State PIC (“gun model”) 
− TD: Time Domain ES PIC 

Grid System Supported - conformal 
Within Voyager GUI with ICEM-CFD mesher 

− Supports most high-end CAD modelers (primitives: CUBIT, CAPSTONE, Gmsh, A-MP) 

− we use SolidWorks 

− Structured Mesh (ICEM) 

−  3D Multi-block, Hexahedral 

− Unstructured Mesh (ICEM, CUBIT, CAPSTONE, Gmsh, A-MP) 

− 2D - Triangle, Quadrilateral 
− 3D - Tetrahedral, Hexahedral, Prism, Pyramid 

− Hybrid Mesh 
− Single run Structured mesh and Unstructured mesh 
− Benefits: Compact data storage of a structured mesh for  

computational efficiency and improved particle tracking 

 

Fully integrated into Analyst-MP (A-MP),  
NI-AWR’s full-featured EM modeling environment 

Hexahedra 

Tetrahedra 

Gun (source), Collector and Transport Charged Particle Optics Modeling Code 
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Simple Delayed-Emission Model:  

Shell and Sphere 
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Laset Jitter:  Cu 
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RF Gun Simulation:  

Pulse Shape Comparison 
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New Delayed Emission Model 
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Response Time and Pulse Shape 
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PIC Code Implementation 

Library Approach 

• A library houses the software to make it accessible by other 

codes 

• The library is not simply emission models, but a more 

substantive framework allowing it to provide utility functions 

including 

• Laser temporal profiles 

• Laser spatial profiles and gating 

• Laser jitter & spatial irradiance fluxuation  

• Thermal Field Emission in addition to the Photoemission 
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Software:  Typical Beam Device 

Simulation Architecture 



Particle Emission & Surface Roughness 

Particle Emission Models: Jensen photoemission - DOE  

• New delay model (laser penetrates deep into the material)  

• Rough surface model - analytic  

− Produces distributions allowing MICHELLE to re-emit from  

a macroscopically flat surface and capture these dynamics  

− Method works with SD & TD 

• All the above properties affect the intrinsic emittance and the 

formation of beam halos & tails  
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“Modeling emission lag after photoexcitation”, Jensen, Petillo, Ovtchinnikov, 

Panagos, Moody, & Lambrakos, J. of Applied Physics 122, 164501 (2017); 

Database 
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Particle Emission Models & Capability 

Particle Emission Models: Jensen GTFE - General Thermal Field Emission  

• Rough surface emission  

19 

Database 

Rough surface 

Slice 

Produce Spline 

Representation 

Rough 

Surface 

Distribution 

Real gun 

geometry with 

a smooth 

surface 
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Summary 

20 

New Phototemission Model 

• Delayed Emission model incorporates material properties  
(m; EG; n & k; R; ; DOS) for metal, semiconductor, and coated material 
photocathodes 

• Geometry / Field enhancement modeled using an impulse approximation to the 
launch velocity of electrons 

• Ability to characterize and model  
surface roughness 

− Capture emission statistics 

 

Particle Emission Library 

• Have separated out the entire  
MICHELLE emission model set 

• Now exists in a library form 

• Callable from  

− Leidos’ MICHELLE (C++)  

− Leidos’ eBEAM  

− NRL’s NEPTUNE 
− AFRL’s ICEPIC 
− Fortran 90 (& F77) – codes like  

LBL’s IMPACT-T  


