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What it is

Compact

D2.2: “FEL design with accelerator and undulator

requirements to achieve the specification”, due by
Dec. 31, 2019

1. Identifies the main parameters of
CompactLight FEL

2. Collects recommendations from all the WPs as
for the accelerator and the undulator specs.

3. Provides an overview of the facility concept by

illustrating;:

the main features of the project

the operating modes

Peak Brilliance [photons s mm™® mrad™® (0.1% BWJ'1]

sub-systems concepts and/or technical

requirements.
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——European XFEL (Germany)
——SACLA (Japan)
PAL XFEL (South Korea)
—LCLS (L/SA)
——Swiss FEL [(Switzerand)
——Target of CompactLight
FERMI (Ttaly)
——FLASH (Germany)
—-SPring-8 (Japan)
—-PETRA Il {Germany)
ESRF (France)
—-APS (USA)
—-NSLS Il (LUSA)
—-5LS (Switzerland)
BESSY (Germany)
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Guidelines to design

Compact

a) The CL design reflects a 10-years (2027) ahead user facility.

* this impacts the risk level below

b) Surpasses state-of-the-art XFELs in peak and average brilliance, in a specific v-E region

*  This specifies the ultimate FEL performance

c) Affords medium-risk technological R&D

* e.g., S-band vs. C-band vs. X-band Gun
d) Affords low-risk physics
* e.g., optical FEL shaping vs. short e-bunches

e) Results an advanced cost-effective XFEL
user-facility

 This sets cost vs. performance decisions

lambda [nm]

photon energy [keV]

undulator tech.

rep. rate [Hz]

pulse duration fwhm [fs]

pulse energy [ul]

beam energy [GeV]

charge [pC]

normalized emittance slice rms [mm mrad]
normalized emittance proj. rms [mm mrad]
peak current [ka]

SwissFEL CompactLight
SX HX SX HX
0.7-5.0 0.1-0.7 0.6- 5.0 0.08- 0.6
0.25-1.77 1.77-12.4 0.25-2.0 2.0-16
Apple-X IVU: LP, VG
100 100 100-1000 100
<20 =1 0.1-50 1-50
10 - 1000 10- 1000 < 300 < 300
3.0 5.8 2.0 5.5
10- 200 10- 200 75 75
0.25 0.25 0.20 0.20
0.40 0.40 0.40 0.40
3 3 1 5
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Layout Compact

= SXR @250Hz
= HXR @l100Hz
* Variable pol.

Upgrade-1:

- .
Compact BASELINE Schematic FIXEDPOL _ VARPOL

—
0.3 GeV EE'F::' .-#:-r__h
{ LINACD LINACA LINAC2 LINAC3 o EEE e e N
SPLIT BC1 BC2 CHICANE
PILASER
0.97 to 1.95 GeVV @ 250 Hz (SXR/SXR)
2.75t0 5.5 GeVV @ 100 Hz (HXR/HXR)
Compacto UPGRADE 1 Schematic FXEDROL . VARFOL
GHz FEL-1 AB- --.-,::—-b SXR
0.3 GeV 5PLI EE‘:"‘; - :*ﬁhh
4 LINACD LINACA LINACZ LINAC3 FEL-2 AB-2 i -
TIMING L 3 STATIONS
SPLIT BC1 BC2 CHICANE
PILASER
0.97 to 1.95 GeV @ 1000 Hz (SXR/SXR)
2.751t0 5.5 GeV @ 100 Hz (HXR/HXR)
0.97 to 1.95 GeV @ 100 Hz (SXR/HXR)
o
Compact UPGRADE 2 Schematic et
+ 045 Gelf % FIXEDPOL VAR POL
SXR BYPASS LINE LINACA >

£ 2.0 GeV

DUMP - -
—¢ LINACD LINACA LINAC2 LINAC3 i g
TIMING - + STATIONS
SPLIT BC1 BC2 100 Hz KICKER CHICANE = SELF SEEDING
PILASER

0.97 to 1.95 GeV/ @ 1000 Hz (SXR/5XR)
2.75 to 5.5 GeV @ 100 Hz (HXR/HXR)

2.75 to 5.5 Gel/ @ 100Hz (SXR/HXR)
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FEL operating mode

(-
Compact

Table 1: Target

Table 2: Operating modes of CompactLight FEL. B = baseline; U1 = Upgrade-1; U2 = Upgrade-

features of CompactLight FEL. Peak brillinace is in unit of ) )
phfsfmmzfmradzfﬂj %bw(*). 2; HH = twin hard x-ray pulses; SS = twin soft x-ray pulses.
- ting FEL-1 FEL-2 LO-L1-L2-L3 L3 L4 L4
Paramet Unit SoftX-ray Hard X- Opera _ ,
M“;f“::'pz:m — o Mode  A-range A-range Rep.Rate[Hz] FinalE [GeV] Rep.Rate[Hz] Final E [GeV]
Photon energy keV 025-20 20-16.0 BASELINE
Wavelength nm  5.0-06  0.6-0.08 B-HH HXR HXR 100 2.75-5.5
FEL tuning range at fixed energy x2 x2 B-SS SXR SXR 250 0.95-1.95
Peak brilliance @16 keV () 107 B-HH HXR HXR 100 27555
Pulse duration fs 0.1-50 1-50 UPGRADE-1
Polarization variable, selectable U1-HH HXR HXR 100 2.75-55
Two-pulse delay is +100 + 100 U1-85 SXR SXR 1000 0.95-1.95
Two-colour separation % 20 10 UPGRADE-2: U1 plus extra mode
Synchronization fs < 10 < 10 U2-SH SXR HXR 100 27555 100 0.95-1.95

Table 5: Electron beam parameters at undulator entrance.

Table 11: Photon energy ranges and corresponding discrete electron beam energies at the
undulator to cover the whole CompactLight spectral range. A minimum peak bril-

liance of 10°° ph/s/mm” /mrad” /0.1%bw is considered. Linear polarization only is

Parameter Value assumed.
Max. Energy 5.5 GeV @ 100 Hz Parameter Unit | SXR || HXR :
Max. Peak Current SkA Repelition rate kHz 0.1,0.25, 1 0.1
Norm. Slice Emittance 0.15 pm rad Photon energy range keV 02505 051 12 24 48 816
Bunch charge < 100pC Electron beam energy GeV 097 137 195 275 39 55
Bunch duration (RMS) < 50fs Minimum peak current kA 035 065 093 15 25 5
Slice Rel. Energy Spread T Slice energy spread (RMS) % 005 004 003 002 0015 0.01
Max. repetition rate 1 kHz Normalised slice emittance (RMS)  um rad 0.2

Bunch charge pC 75
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2 C-band TW structures, with solenoid around, cperating at 40

TW structures

Gun solenoid solenoids ::E.:Tur::i:?tgﬁelchiifc::t:irf?ixtnn{:]s Semele, e Table 3: In‘IECtﬂr beam pammEters
\x“ \ ffff"\ Parameter Atgun exit AtlLDexit Units
- Repetition rate 0.1,0.25, 1 kHz
____________ > Charge 75 pC
Proj. norm. emittance (RMS) 0.15 (x), 0.15 (y) pm rad
\ Energy 6 280 MeV
Yooand  accelersing Rel. enegry spread (RMS) 0.7 0.5 %
16 cell BF gun modulz -
operating at 240  Orft 07 m for Drift 05 m for Bunch duration (RMS5) 1.2 0.4 ps
MV/m  cathode  PuTPINE pumping  and Peak current (core) 20 60 A

diagnostics  and diagnostics
emittance control

peak figld

* Baseline: C-band inj. + K-band linearizer

* Upgrade: X-band inj. + K-band linearizer

d Both guarantee 0.1 — 1 kHz rep. rate
d Transverse emittance at 1 kHz can be relaxed
d X-band inj. is more compact and utilizes same RF technology of the main linac
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* Baseline: “dual mode” for 0.1 & 0.25 kHz rep. rate

Parameter Unit Dual mode  Dual source
7 7 Operating Mode B U1, U2
« Upgrades: “dual source” for up to 1 kHz rep. rate  repeiion rae K01 025 o1 i
Linac active length m 83
Number of struclures 92
o 11+ : Mumber of modules 23
d >70% RF-to-magnets filling fraction Nt o kit ”s A
. . Peak acc. gradient MV/im 65 3z 65 304
d <50 um-quads, <100 um-RF misalignment errors Energy gainpermodule  MeV 234 115 234 109
. Max. energy gain MeV 5382 2649 5382 2507
d 7 m average betatron functions
55 — B ——— T ———— 10 1KHZ@BMW e 100Hz@50MW Y ”}:Z?‘?M"“j’-ﬁ _-;?OHZ%OT'“I”
50 | y —— 8 Klystron/Modulator Switch S Klystron/Modulator ystron/Modulato Switch Mode converters ystron/Modulator
45 B - 4 6 — Tc':’(ularWG + clreutar we
P E (HG) —— E ; r
35 E,(LG) —— ] -=21 I .
E 30 /\ —-T-‘l)'("" I\ 0 é Splitter o Quad contains
= ool 12 e
15 14 FE: E:IET:F ofFM "
fo| e W |7 —
5 E ] -8 N‘?T:LLHF'&: 10cm  103cm  S5em 103em  Scm 12cm
0 0 | 2I5 | 50 | 7I5 1I00 1I25 1I50 I 1I75 -10 10cm 103cm 5cm 12cm Figure 7: Linac2, Linac3 and Linac4 module layout.

s [m]
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e-Beam distribution system

Compact

E.

At

As

166 ps

50 mm

500 ps

150 mm

833 ps

250 mm

w ~l| | | = 3

1.16 ns

350 mm

1.5ns

450 mm

to FEL1

d Alternative schemes include:
= Twin bunches, 55 MeV 5-band linac + septum

to FEL2

3.

Twin bunches at the injector, separated by
0.5 ns (e.g., 3 C-band cycles)

30 MV S-band TDC + septum for splitting
at high energy

High energy dog-leg, 20 m x 2.5 m
footprint

High energy chicane (10 m) and at split-
and-delay photon beamline for
synchronization and fine tuning.

= Single bunch, beam scraping at low energy + septum
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Peak DBrilliance « 1073

/ i Table 10: Results of GENESIS time-dependent simulations.

Lol
f ot s Parameter CPMU Delta Hybrid SCU
Saturation power [GW] 9.1 89 7.6 9.8
{pulse average)
Saturation length [m] 24.5 26.5 291 15.6
15 Sal. pulse energy [uJ] 49 48 29 54

£ FWHM bandwidth [IITI'"] 0987 0975 0.996 1.16
L Peak brightness [10™ x 239 237 198 218
% phisimm’/mrad’/0.1%bw]

ad~* (0.1% BW)']

B [photou

* Baseline, Upgrade-1: SASE
vy l « Upgrade-2: EEHG SXR, self-seeding HXR

Peak Brilliance to Saturation Length Ratio
v : o e Absbe

/
/

\ " ;
"B ) -0.1550m @55 c,Jev / ¥
\ / / /

 FEL-1 and FEL-2 are identical

d x 2 A-tuning range at each of the 6 fixed e-beam

ad=* (0.1% BW) ' n

energies

¢ [photons s~ mm~* mr:

BfLy,

A =0.0775 nm @5.5 GeV N

O Helical SCU + in-vacuum CPMU afterburner

) " i " A
1 6 8 10 12 14 16 18 20
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Finalize the undulator description and tables — Thomas, Neil
Include concept and requirements of photon transport — Vitaly
Submission to WP1 by Dec. 8

Submission to EU by Dec. 15
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