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= Critical parameter in FEL optimization
DLongitudinal Phase Space (LPS)m SASE FEL:
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. % < prgp (€.g. 1e-4, 5 kA/L.4 MeV > 20 A/5.6 keV)

* If o5 too low = microbunching instability (MBI)
- Laser heater (LH) to suppress MBI (e.g. LCLS—>20 keV by LH)

Seeded FEL:

Bunching factor and harmonic number
e.g. HGHG@ FERMI: 100 keV->40 keV =16 nm (n=15) - 10 nm (n=25)
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Slice energy spread measurements

OF\? OF,TDS\*
Ojy = Oger + Utzzmit + (D E) + (D E )
SwissFEL _EuXFEL __ Unit : :
9 W'ngo u250 prg Why is the energy spread results so different?
Ek 100-400 130 MeV « Cathode effect (Cu vs Cs,Te) due to response time
Ipeak 20 20 A - Laser temporal noise
dE 15 6 keV * Lattice, IBS
Ipeak/dE 1.3 33 AlkeV « Or measurement effects?
SwissFEL and EuXFEL.: Method used at PITZ:
* use energy scan or dispersion scan to fit « does not require constant 3 function
contribution from screen and emittance « scan TDS voltage, then measure 2., + ¢2.;;
* require a constant central slice 3 function independently with a slit mask by scanning R12
at dipole screen during scan « fits better low energy injector (closer to electron source)
 fits better high beam energies
2997 MHz
6.3 MeV/c > ~20 MeV/ 3 us x10Hz
°re e Quads EMSY3  po Qu/Q2 Disp3.D1
1.3 GHz PITZ gun 6/7/8’ v ___1__%______\ ____i
1.3 GHz booster S Secto? A H2 Scr2
200 ps x 10 Hz s=4.4m s=11m H2.stl
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Slice energy spread measurements at PITZ

Slits were used to: TDS scan
* cut emittance to improve TDS time and energy resolution: ! [T§ 23703 keV@TDS=0
* &,~04mmmrad - 0.04 mm mrad ;5-5’ 'y T pavooskevatosel TDS 0.1MV
H . 1 .3+/-0.05 =
« afactor of ~10 improvement on LPS resolution, reduces the errorbar £ 5/ I R e -
013 _Screen reolution 0.069+/-0.001 mm = | "
__ Screen E g“’ ‘;ﬁ full beam in TDS
. L ) | :
gon resolution .~ > ) / ;
% 01 ﬁg 351 1*' beam cut by a slit .
Eo.og- $ Dé AN ’/%’,’
3 008! @ o 3 i
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i Full beam Beamlet 250/ 5og-
* measure dispersion screen resolution 0 0.1 0.2 0.3 0.4
« measure beam size @dispersion screen due to emittance TDS voltage (MV)
52 (D GE,TDS)Z N SN (D GE)Z og(t~0) = 1.65 + 0.05 keV was measured
M~ — Uscr emit N7 . . . .
E E for the XFEL nominal working point, slightly
Total oy = 107 um —2.33 keV higher than ASTRA simulations 1.3 keV,
reen resolution =70 >1.52 keV : ..
SCreen resoution | gser = 70 4m c but much lower than high energy injectors
beam emittance term|o,,,;; = 30 um -0.65 kel
. ASTRA Simulation
pesy. | Slice energy spread 276 um  |og = (1.65 = 0.05) keV | ,que 1.3 keV page 3




