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* We assess via simulation studies the performance of a variably polarising APPLE-X afterburner positioned downstream of a
helical Super Conducting Undulator (SCU).

* We discuss the optimum balance between the active SCU length and the afterburner length, considering the peak brilliance
and pulse energy of the output.

» We carried out an analysis of the optical beam quality of the afterburner output to determine the design constraints of the
photon beamline that delivers the FEL output to the experimental areas.

CompactLight baseline design

Delta undula

<« Compactness is one of the driving goals of the H2020 1)) \1‘"”"”
CompactLight Project, aiming to design next generation |
light sources which provide competitive FEL perfor-
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<« Super conductive undulator (SCU) as main undulator Figure 1: Reverse taper and beam diverting scheme to achieve
(tuned to cover spectral range up to 16 keV) . variable polarisation. H2020CompactLight baseline undulator

line considers a helical SCU as main undulator followed by an
APPLE-X to achieve variable polarisation pulses. The inverse
taper is one of the solutions to be studied in order to divert the

<« Design to be optimised in terms of FEL figures of merit electron beam from the generated radiation at the SCU, [1, 2].
(peak brilliance, pulse energy at highest peak brilliance

and total length of the undulator line).

<« APPLE-X afterburner: to change polarisation (up to
12 keV).
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Comparison of FEL performance.
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Table 1: Undulator parameters defined for SCU and
APPLE-X undulator. Here lsoction IS the length of the
undulator section, ay Is the undulator parameter, and \, Is
the undulator period.
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No. SCU Segments

Undulator type aw Au  lsection
SXR HXR

Helical SCU 2.42 091 13mm 2.27m
APPLE-X 1.93 0.507 19mm 2.28 m
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Table 2: Electron beam and radiation parameters. Here
ex,y corresponds to transverse emittance. )
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Electron beam parameter SXR HXR
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Beam Energy 1.54 GeV 5.5 GeV
Peak Current 5 kA
Normalised ey y 0.2 mm — mrad
RMS slice energy spread 0.04% 0.01%
Charge 75 pC 1
Current distribution Flat-top . . . . . .
PhOton Energy 250 eV 12 keV | N:::.A’rt:rburner Sigments ) | No. Aﬂ::rburner Sigmentsli
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Figure 2: Top: Afterburner pulse energy and peak brightness in
the HXR at 12keV photon energy, as a function of the number
of SCU modules and number of afterburner modules. Bottom:
Equivalent results in the SXR at 250 eV photon energy/3].
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Way of working and baseline design of undulator line SCU T
APPLE-X

e Optimal baseline undulator design compared to undula- ) 150-.&:].:::..,:.;»:: sections), A8 2 sectons) |+ [
devices for generation of HXR and SXR. 50

e Time dependent simulations performed in GENESIS ; A
z[m]

v1.3 [4] .

e Radiation coming from the SCU “artificially blocked” =
SCU to prepare the electrons going to the afterburner
(no inverse taper or Kicker before the afterburner).

e HXR, Helical SCU with nge¢ > 6 = Electrons over-
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bunch before they reach the afterburner.

| | | | | | | | | | | | | | |
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z[m]

e HXR, Helical SCU with with ngec < 6 = Prebunching of
electrons too weak. A really large afterburner will be
required to achieve lasing via the FEL interaction.

e Optimal configuration for SXR generation: SCU with Figure 3: HXR: Comparison of 12keV pulse energy (top) and

1 section and afterburner with 2 sections. peak brilliance (bottom) for three different scenarios: an SCU,
_ength of optimal baseline undulator line given by the an APPLE-X in vertica//y. plane?r configuration, gnd the baseline
ength of the undulator line configuration to generate SCU and APPLE-X configuration (HXR). The tick marks and la-
LXR. bels on the z-axis correspond to the locations of the ends of
individual undulator modules [3].
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Compactness and FEL performance

Vs

Table 3: Comparison of FEL performance between the
CompactLight baseline undulator line and the APPLE-X
undulator in linear vertical configuration.

Parameter

Baseline

APPLE-X

HXR (12 keV)

_ength to h.p.b

Highest peak brilliance (h.p.b) 9 x1032
Pulse Energy at h.p.b 35 ud

18.1m

3 %1033
125 ud
33.9m

SXR (250 V)

_ength to h.p.b

Highest peak brilliance (h.p.b) 6 x 103!
Pulse Energy at h.p.b 250 ud

4.5 m

107
450 pd
5.8 m

Compactness and FEL performance

~EL performance in HXR: Peak brilliance 25 % of the
nighest peak brilliance from the APPLE-X |, Table 3

e HXR baseline undulator line is a 53% shorter than an

APPLE-X undulator line, Fig. 3

e FEL performance in SXR: 55% of the highest peak bril-
liance from the APPLE-X, Table 3.

e A compromise must be made between compactness
and FEL performance = shorter undulator line
glves linearly polarized radiation but at

the cost of reduced pulse enerqgy
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Figure 4: SXR: Comparison of 250eV pulse energy (top) and
peak brilliance (bottom) for three different scenarios: an SCU,
an APPLE-X in vertically planar configuration, and the baseline
SCU and APPLE-X configuration (SXR)[3].
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Beam quality analysis for HXR

M? and beam quality for HXR (12 keV) 5.00e-10 =7 s e S S P e T
* Determination of the M? beam quality parameter from
the rms of the propagated optical beam in free space, 4.00€-10 |
following formalism in [5, 6]
% Source properties by fitting the evolution of the beam T 3:00€-10 F N e
profile (aiQ(z) = (92° + C1z + Cp) to the measured values = j ’
of the second moments,[5] 2.00e-10f N S e R (At
1.00€-10f o g

-12-10 -8 -6 -4 -2 0 2 4 6

zq(m)

* M* being beam quality coefficient, o; , rms size at the
beam waist and z; the waist position.

— Fita,? — Fite,? e®e OPCresultsc,”? ee®e OPC resultso,”

Table 4: Comparison between optical beam parameters
obtained for the baseline design of CompacitLight, the
helical SCU and APPLE-X undulator lines as stand-
alone.

Figure 5: RMS of the beam against propagating distance from
the end of the afterburner for a photon energy of 12 keV.

Analysis of beam quality for HXR

e M- slightly better for the baseline undulator line de-

ParameterSCU APPLE- SCU+AB
X

X y X 'y x Yy

M- 2.27 2.36 2.23 2.19 2.01 2.1
2z, (m) -2.19-2.10-3.38 -3.44 -2.22 -2.26
o, (um) 8.96 9.07 10.3910.02 7.65 8.092

sign, Table 4
e OPC: Code run for propagation [7]
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