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Phase 1 Requirements

¸ Complete coverage from 50 eV to 1 keV.

¸ FEL1:   50 -300 eV

¸ FEL2:   250 -850 eV

¸ FEL3:   430 -1000 eV

¸ FEL1 & FEL2:   complete polarisation control 
(including arbitrary elliptical and rotatable linear).

¸ FEL3: undulator capable of complete polarisation 
control as above, but parameters can be 
compromised such that only horizontal and circular 
(R/L) polarisation achievable at 1 keV.



Assumptions

¸ Tune FEL by varying undulator field (gap) not electron 
energy

Č Independence of sources

¸ Variable Polarisation generated by FEL directly

Č Independent H & V field control in undulator

¸ Minimise magnet gap for optimum solution with limit 
set by wakefield effect on FEL output



Magnet Gap

Project Minimum Magnet Gap 
(mm)

Vertical aperture for 
electron beam (mm)

XFEL 10.0 7.6

LCLS 6.8 5.0

SCSS 4.0  nominal (in -vac) 4.0  nominal (in -vac)

PAL FEL (2008) 5.0 nominal (in -vac) 5.0 nominal (in -vac)

FERMI 10.0 6.0

BESSY FEL 10.4 on -axis (circular pipe), 
5.4 off -axis

9.0 (diameter)

FLASH 12.0 9.5

NLS 
(working 

assumption)

8.0 6.0



Variable Polarisation

¸ Standard solution is APPLE -2

Č Well understood & proven design with many 
successful examples

¸ Possible alternative is APPLE -3

Č Higher fields (~40%) but unproven, no practical 
examples, circular beam pipe

APPLE-2APPLE-3



Variable Polarisation

¸ Another alternative is Delta Undulator

Č Even higher fields (~70%)

Č Circular beam pipe, no side access, so tricky to 
measure

Č Unproven design, only short prototype exists

(A. B. Temnykh, PRSTAB 11, 120702, 2008)



In - Vacuum Undulators

¸ Options are being considered

¸ APPLE-2 in -vacuum will be technically challenging!
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Vacuum Chamber

¸ Wall thickness for rectangular chamber

¸ Example for stainless steel:
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Vacuum Chamber

¸ Circular chamber would be needed for APPLE -3 or 
Delta design

¸ Thinner walls possible ïno benefit from in -vac?

Model buckling based on Youngôs modulus E~200,000 MPa (typ. st.steel)

Ref. Roark, 6th Ed. Table  
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Possible Solutions

Extruded Aluminium or Copper

(after post extrusion machining to thin 

wall)

Stainless steel fabrication

(coated with Al or Cu)

Rectangular chambers for conventional 

APPLE-2 solution



FEA
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0.25mm St.Steel

0.3mm Aluminium ExtrusionSimilar results from both designs



Wakefields

¸ Need to consider 3 effects

Č Resistive (image currents)

Č Geometric (changes in vessel cross -section)

Č Surface Roughness (vessel surface finish)

¸ Resistive is of most concern

Č Will determine vessel material and inner 
dimensions

Č Other two can always be made smaller (in 
principle!)



Wakes along a bunch

¸ Round Copper pipe, 3mm radius

10 fs rms 100 fs rms



Average energy loss

¸ Gaussian bunch, 200fs rms, 200pC

Copper Aluminium


