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OutlineOutline

22ndnd harmonic afterburnerharmonic afterburner
For polarization controlFor polarization control
For subFor sub--Angstrom radiationAngstrom radiation

Open gap of the existing undulatorOpen gap of the existing undulator
0.75 0.75 ÅÅ and and 0.5 0.5 ÅÅ FEL at 14 GeVFEL at 14 GeV
cover longer wavelengths by electron energy cover longer wavelengths by electron energy 

and/or gap changeand/or gap change

Energy upgrade optionEnergy upgrade option
Double Double linac energylinac energy to reach 0.38 A to reach 0.38 A 



Second harmonic afterburnerSecond harmonic afterburner

When SASE FEL reaches saturation, significant When SASE FEL reaches saturation, significant 
harmonic bunching appears harmonic bunching appears 

bb11 > b> b22 > b> b33

LCLS third harmonic power ~ a fraction of % of LCLS third harmonic power ~ a fraction of % of 
fundamental level, very little second harmonic power fundamental level, very little second harmonic power 

Add a 2Add a 2ndnd harmonic afterburner gives harmonic afterburner gives 
simultaneous 1simultaneous 1stst, 2, 2ndnd, 3, 3rdrd harmonicsharmonics

+
1.5 Å (and 0.5 Å) 0.75 Å

22ndnd harmonic afterburner undulator obtainable by harmonic afterburner undulator obtainable by 
opening existing undulator gap opening existing undulator gap 
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<β>=15m

<β>=30m

•• 5 to 10 sections of the LCLS undulators, K ~ 2.27 with taper5 to 10 sections of the LCLS undulators, K ~ 2.27 with taper

•• Smaller beta function in afterburner undulator helpsSmaller beta function in afterburner undulator helps

Open LCLS undulator gap for 2Open LCLS undulator gap for 2ndnd 

harmonic afterburnerharmonic afterburner

H. H. GengGeng

22ndnd harmonic power ~ few hundred MW to GWharmonic power ~ few hundred MW to GW



Open LCLS undulator gap to access shorter Open LCLS undulator gap to access shorter λλ
LCLS undulator is fixed gap LCLS undulator is fixed gap 

no gap controlno gap control
change wavelength by electron energy change wavelength by electron energy 
no phase shifters between sections (fixed phases)no phase shifters between sections (fixed phases)

Without phase shifter, LCLS undulator gap may Without phase shifter, LCLS undulator gap may 
be opened to second and third harmonic of present be opened to second and third harmonic of present 
undulator setting undulator setting 

Wavelength (Wavelength (ÅÅ)) KK Gap (mm)Gap (mm) LLsatsat (m)(m)

1.51.5 3.53.5 6.86.8 6060

0.750.75 2.272.27 1010 90 90 

0.50.5 1.621.62 1313 120 120 
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Example: 0.5 Example: 0.5 ÅÅ FEL at 14 GeVFEL at 14 GeV

0.75 0.75 ÅÅ FEL saturates at ~ 90 m with ~10 GW powerFEL saturates at ~ 90 m with ~10 GW power

γεγεx,yx,y = 0.4 = 0.4 μμm (slice)m (slice)
IIpkpk = 3.0 kA= 3.0 kA
σσEE //EE = 0.01% (slice)= 0.01% (slice)



Saturation lengthSaturation length Saturation powerSaturation power

Peak brightnessPeak brightness

The gap change will affect LCLS wavelength coverage from The gap change will affect LCLS wavelength coverage from 
5 5 ÅÅ (at 4.3 GeV)(at 4.3 GeV) to 0.5 to 0.5 ÅÅ (14 (14 GeV) unless gap is variableGeV) unless gap is variable



undulatorundulator

undulatorundulator

XX

L1L1 L2L2 L3L3BC1BC1 BC2BC2

Energy upgrade optionsEnergy upgrade options

XX

RFRF
gungun--11

L1L1′′ L2L2′′ L3L3′′BC1BC1′′ BC2BC2′′

RFRF
gungun--22

L0L0′′ L0L0

33--14 GeV bypass line14 GeV bypass line

1414--28 GeV28 GeV

33--14 GeV14 GeV

existingexisting
undund--hallhall

FACET wallFACET wall

J. Hastings et. al.,J. Hastings et. al.,

•• PumpPump--probe capabilities with softprobe capabilities with soft--hard, hardhard, hard--hard xhard x--ray FELsray FELs
•• THz pump, soft/hard xTHz pump, soft/hard x--ray probe ray probe 

RFRF
gungun--22

•• New injector at Sector 10 or Sector 0New injector at Sector 10 or Sector 0
•• New BC1, BC2 and LTU New BC1, BC2 and LTU 



•• Use the same LCLS undulator, we may reach 0.375 Use the same LCLS undulator, we may reach 0.375 ÅÅ (33 keV (33 keV 
photon) by doubling LCLS energyphoton) by doubling LCLS energy
•• At such a high energy, 4 times more spontaneous radiation is At such a high energy, 4 times more spontaneous radiation is 
generated (~0.3% energy loss)generated (~0.3% energy loss)
•• Energy spread is increased in undulator due to random Energy spread is increased in undulator due to random 
emission processemission process

28 GeV hard x28 GeV hard x--ray FELray FEL

14 GeV14 GeV

28 GeV28 GeV



•• Parameters not optimized, beam brightness requirement close Parameters not optimized, beam brightness requirement close 
to what LCLS generatedto what LCLS generated

•• Take Take emittanceemittance γεγε = = 0.4 0.4 μμm, m, IIpkpk = 3 or 5 kA= 3 or 5 kA, , <<ββ>> = 30 m= 30 m
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GENESIS simulations including GENESIS simulations including 
spontaneous energy spread increasespontaneous energy spread increase

•• Higher peak current desirable (ESASE?)Higher peak current desirable (ESASE?)
•• Low charge, low emittance should help tooLow charge, low emittance should help too



•• LCLS has reached FEL saturation at 1.5 LCLS has reached FEL saturation at 1.5 ÅÅ well well 
within the designed undulator lengthwithin the designed undulator length

•• Afterburner can provide 2Afterburner can provide 2ndnd harmonic at a few harmonic at a few 
hundred MW to ~ GW power level hundred MW to ~ GW power level 

•• Open undulator gap allows access fundamental Open undulator gap allows access fundamental 
radiation at 2radiation at 2ndnd and 3and 3rdrd harmonics with ~10 GW harmonics with ~10 GW 
power power 

•• Double the electron energy allows access Double the electron energy allows access 
fundamental radiation at 4fundamental radiation at 4thth harmonic of 1.5 harmonic of 1.5 ÅÅ 
(spontaneous energy spread is an issue)(spontaneous energy spread is an issue)

SummarySummary



Thanks for your attention!Thanks for your attention!

Thank useful discussions withThank useful discussions with

Y. DingY. Ding, , P. Emma, J. Frisch,P. Emma, J. Frisch, J. Galayda, H. J. Galayda, H. 
GengGeng, J. Hastings, H. Loos, H., J. Hastings, H. Loos, H.--D. Nuhn, C. D. Nuhn, C. 
Pellegrini, J. Wu, A. Pellegrini, J. Wu, A. ZholentsZholents …………
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