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. 159 m 21 The future EUPRAXIA@SPARC_LAB FEL facility will host two FEL beamlines driven by the X-band LINAC
Technical rooms s and a PWFA stage. The two foreseen FELs will deliver short pulses with selectable polarization:
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AQUA: APPLE-X Undulator Design Tolerance studies
The AQUA beamline, with a total magnetic length of 20  To accumulate sufficient statistics, the tolerance of the AQUA E=1GeV Q=200 pC, 02=20 pm
meters, is composed by ten APPLE-X permanent magnet undulators to different sources of degradation has been simulated = o o8 5
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Undulator Modules (UM) with 18 mm period length. with longer electron bunches ’ %y
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A ."]"gthl..-7\|1°°;"| — Kmax (in LP) 1.572 Analysis assuming a copper vacuum chamber (VC) of different inner radii and a higher charge beam of 300 pC
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* FEL performance at 4 nm vs. Energy E=1 GeV B.=B,=10m
electron beam parameters T —— oo » The energy loss, so the average FEL power growth, are > For a VC inner radius of 2.5 mm, the peak
P o X7y comparable to the case of no wakefields for both current region of the bunch is affected by a
5 1) - inner radii and beam modes potential kick angle per unit length of 5 nrad/m
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: (3) Circular Polarization ﬂ E (10 nrad/m) in the low (high) charge case
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-‘E e s E 0.6  Photipue Electron beam transverse misalignments at injection, including trajectory offsets and tilts, can influence
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Nominal beam with =8 m in circular pol.: Maximum achievable radiation power level P, normalized to the maximum FEL
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» The AQUA undulator supports electron beam transverse offsets and tilts at injection below +40 um and

“Water window” probed with Shorter wavelengths imply lower ,
+ 8 urad respectively

higher photon yields and shorter K values = lower power and

saturation lengths smaller tunability
ARIA baseline layout < Magnetic Field errors >
Modulator Dispersive Radiators o o . .
(Aw=10cm)  section (Aw=4.8 or 5.5 cm) Undulator magnetic field errors can broaden the radiation bandwidth, shift the FEL resonance and reduce
E ‘5““““““" ot s ——————c—— the radiation-electron transverse overlap, therefore affecting the overall FEL radiation growth
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pulse 2m 2m 2.2m 80cm
Quantity (unit)

6By rms (T) 3% 10 6x 10 9x 10

APPLE-II and APPLE-X undulator technologies, already built by KYMA > Rms error values lower than 9 mT do not prevent the full
Iy (T - m) Tx10° | 6x10° | 5x10°

and respectively similar to the FERMI FEL-1 and to the AQUA radiation growth (>95% of saturation power in the absence of ™ .. /o0 | <l 06 | 4106 |31x10¢
undulators, are under investigation for the radiators magnetic errors), provided that the conditions in Table are 1. (-m) | 45%x105 | 4x105 | 3.6%10°5
. i : : Bomax (T-m?) | 3x107° | 27x10° | 25x10°7°

* Driven by PWFA or LINAC only, 15-100 fs duration FEL pulses close to fultilled: e ”{‘m’; o 05 | Textos | 17 < 10-5
Fourier transform limit are expected = selectable polarization VUV <hh>(T-m?) | 25x106 | 25x10°6 | 25x10°©

light will allow to explore chirality and dichroism in biotic media
* Less demanding electron beam parameter space = user operations  Full time-dependent results with start-to-end electron beam distributions (from the cathode to the

at early stage undulator entrance), accounting for electron beam fluctuations of two working points characterized b7
* No other seeded FEL facility covers the full 50-180 nm range, except  different bunch charges, show that AQUA will be able to deliver at least 101! photons/pulse with narrow
for the DALIAN light source bandwidth and small deviations from the target performance

* Overlap with HHG sources, but without limitations on polarization,
wavelength tuning and intensity
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