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Trickle Heating theory from SLAC-PUB-13854
Z. Huang et. al.
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slice at z0 → distribution after LH

energy modulation in LH → tilted microbunches
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3D Impedance
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generalization (on axis):

integration for (nominal) Gaussian transverse phase space:

for with



Trickle Heating

induced energy modulation:
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β typical beta function

yxr σσσ ≈2 (round beam)

rms energy spread with trickle heating:
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with
1≈fs shape factor (electron/photon beam size)

0δσ uncorr. spread before heater
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Trickle Heating II
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with

example LCLS:

mm 9.356 =R (last two magnets of chicane)

nm 7580 =λ

A 370 =I

µm 4.0=γε

MeV 1352
0 =cm γ

m 81.0eff =L m 5=βfor 41073.2 −⋅≈B

→

41063.2 ⋅≈C

(to spectrometer)

560RksC f=

fsA 5.0=

662.0=fs

331.0≈A



Example LCLS

SLAC-PUB-13854
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Comparison XFEL, LCLS

mm 9.356 =R

nm 7580 =λ

A 370 =I

µm 4.0=γε

MeV 1352
0 =cm γ

m 81.0eff =L m 5=βfor

662.0=fs

mm 3.256 =R

nm 10470 =λ

A 500 =I

µm 0.1=γε

MeV 1302
0 =cm γ

m 48.0eff =L

5.0=fs

XFEL LCLS

41073.2 −⋅≈B

41063.2 ⋅≈C

331.0≈A

41029.1 −⋅≈B

41099.0 ⋅≈C

25.0≈A

(1nC)

δσ

XFEL

LCLS
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XFEL 1nC, λλλλ = 1047 nm, 800nm, 523nm

δσ

800 nm

1047 nm

2
0δ

523 nm

no trickle heating



Simplified
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enhancement factor:
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weak

… see summary
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1W 2W 3W 321 WWWW =

optics βx/m βy/moptics βx/m βy/m

m 48.0eff =LXFEL (1nC) LCLS to spectrometer m 81.0eff =L



0sincos 0 =+→ ψαψ
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( ) ψββ sin012 =zR

( ) 011 =zR

( ) 0=zR ( )11012052 RRRxz αγε −=→ 0cossin 0 =−→ ψαψ

therefore: 90 deg phase shift between both conditions
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Summary

enhancement factor

δσ

800 nm

1047 nm

2
0δ

523 nm

no trickle heating

XFEL (1nC)
wavelength / nm

charge / nC

for qqqI ∝∝∝ 0  ,  , δσε

XFEL

LCLS 6.24


