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Evolution of computers 
and light sources



~N1/2 3rd generation SR sources: 
the electrons emit photons with 

random phases

~N

4th generation SR sources: 
the electrons emit photons 

all as one

4th generation sources – Free Electron Lasers (FELs)
FEL brightness is 10 orders of magnitude higher than brightness of 3rd generation sources

3rd generation => 4th generation



4th generation - FEL at Stanford

Immense brightness -
analysis of very complex 
molecules (proteins)

LCLS (SLAC)



Compton light sources
Based on the reflection of photons from accelerated 
electrons with an energy transfer to photons

Compact X-ray light source

- 25 MeV accelerator
- X-ray tuneable from a few keV up to 35 keV

e- mc2

1

22 = 1 / ( 4 2 )
Arthur Compton



Compton light sources
Commercially available, e.g.: 
Lyncean Technologies, Inc.

Compact X-ray light source

25 MeV accelerator
X-ray tuneable from a few keV up to 
35 keV

Fits in a 10x25 ft room

Electron Beam Injector

X-rays
Mirror

RF Cavity

Interaction Region

Mirror

RF Gun 
and Laser

1 μm mode-locked Laser 
matched to ring cycle 
frequency (~80MHz)

RF power source outside (not on the photo)

http://www.lynceantech.com/index.html



Next steps in Compton/THz sources – UH-FLUX 
project

• Collaboration of UK centers JAI, CI, STFC and UK industry is 
developing an advanced Compton/THz source

• [1] International (PCT) Patent Application No. PCT/GB2012/052632 (WO2013/061051) filed on the 26th 
October 2012

• [2] Oxford University Isis Project No. 11330 – “Asymmetric superconducting RF structure” (UK 
Priority patent application 1420936.5 titled ‘Asymmetric superconducting RF structure’ filed on the 
25th November 2014

Accelerating section 

Decelerating section 

Cryo-module Magneto-optical system

Interaction point

X-ray/THz



UH-FLUX – conceptual layout
Generation of radiation: 
Compton or 
Coherent Smith-Purcell (THz)
or other method



UH-FLUX: Asymmetric ERL

Acc. mode One of transverse modes

UK Priority patent application 1420936.5 filed on the 25th November 2014

Decoupling all modes except the accelerating mode to 
maximize the beam current 



Operating field flatness @1.3GHz 

Electric field contour plot of dipole 
eigenmode at 1.73GHz

Electric field contour plot 
of resonant coupler 

eigenmode at 1.48GHz
Electric field contour plot of 

operating eigenmode at 1.3GHz

UH-FLUX: Asymmetric ERL



Phase detuning of the electron bunch due to HOM

Time detuning of the electron bunch due to HOM

Electron bunch deviation from designed trajectory due to HOM

Maximum electron beam current above which beam 
transportation will be interrupted due to HOM

UH-FLUX: Asymmetric ERL



Table of numerical model parameters

Technical drawing

UH-FLUX: Asymmetric ERL



First 100 eigenmodes R/Q and R /Q

The R /Q calculated @ 1mm from the axis 

UH-FLUX: Asymmetric ERL



UH-FLUX

HOMs start currents 

Maximize the BBU start current allowing to transport up to 
2A beam without break-up 

Schematic of RLC diagram 
of dual axis structure  

NSP is the voltage transformer ratio

The smallest current is above 3.8A for the 
AERL configuration



UH-FLUX –THz
Coherent Smith-Purcell



Output pulse from the 
right port 

Spectrum of the output 
pulse from the right port 

The line spectral width is 
proportional to number N of 
micro-bunches in the train

~ 0/N
t 

~0.1THz

9 Micro-bunches were generated  

UH-FLUX –THz
Coherent Smith-Purcell

Time (ps) Frequency (GHz)

Z (mm)
Time (ps)



Compton source 

We are studying the range of possible applications of UH-FLUX 
technology, including medical direction

UH-FLUX – X-ray

1/ The peak brightness ~1023 -1024 photons /(mm2 mrad2 s 0.1%bandwidth) 

2/ X-ray flux ~9 1012 - 3 1013 photons/second inside a 0.1% bandwidth 

3/ Average brightness ~1014 photons/(mm2 mrad2 s 0.1%bandwidth) 

at 15keV photons for 20MeV beam



UH-FLUX: Asymmetric Energy 
Recovery Linac – Next steps

Commercial  Commercial  
prototype , prototype , 

entering entering 
market  

1/ PCT international patent application PCT/GB2012/052632 titled ‘X-ray Generation’ filed on the 24th October 2012.
2/ PCT/GB2013/053101 titled ‘Distributed electron beam collector” filed on the 25th November 2013.
3/UK Priority patent application 1420936.5 titled ‘Asymmetric superconducting RF structure’ filed on the 25th 
November 2014.

in 1 year in 3 years



Summary  

UH Flux: X-ray/THz compact SCRF AERL Light Source
- Based on novel dual axis asymmetric cavity energy-recovery system
- Energy-recovery SCRF system = increased efficiency
- Asymmetric structure =  high current (>1A)
- High current  = high flux of THz or X-ray photons 
- New distributed electron beam collector – to reduce impact of high current 
electron beam
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Thank you


