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The XLS Collaboration gathers several
International Laboratories with the aim to promote
the design and construction of the next generation
FEL based photon sources with innovative
accelerator technologies

The objective is the design of a 5.5 GeV X-band
linac, based on the CLIC technology, to drive a
FEL facility with soft and hard X-ray options.

; http://www.Compactlight.eu M\/{\-

P &

Our aim is to facilitate the widespread development of
X-ray FEL facilities across Europe and beyond, by
making them more affordable to construct and operate
through an optimum combination of emerging and
innovative accelerator technologies:

» High brightness electron photoinjectors
» Very high gradient accelerating structures
» Novel short period undulators

HG2021 April 19-22, 2021 G. D’Auria 3



Funded by the

European Union

XLS Partners

Compa ct”

Y

Italy
Neth.

UK

Spain
Australia
China
Greece
Sweden
Turkey
France
Germany
Switz.
Finland
Norway
Slovenia
Internat.

6
3+1 Ass. Part.
3
2
2
1
1+2 Ass. Part.

R NR R R

1
1 Ass. Part.

1 Ass. Part.
1

Participant Organisation Name Country
1 | ST (Coord.) |Elettra — Sincrotrone Trieste S.C.p.A. Italy
2 CERN CERN - European Organization for Nuclear Research International
3 STFC Science and Technology Facilities Council — Daresbury Laboratory United Kingdom
4 SINAP Shanghai Inst. of Applied Physics, Chinese Academy of Sciences China
5 IASA Institute of Accelerating Systems and Applications Greece
6 uu Uppsala Universitet Sweden
7 UoM The University of Melbourne Australia
8 ANSTO |Australian Nuclear Science and Tecnology Organisation Australia
9 UA-IAT |Ankara University Institute of Accelerator Technologies Turkey
10 ULANC |Lancaster University United Kingdom
11| VDLETG |VDL Enabling Technology Group Eindhoven BV Netherlands
12 TU/e Technische Universiteit Eindhoven Netherlands
13 INFN Istituto Nazionale di Fisica Nucleare Italy
14 Kyma Kyma S.r.l. Italy
15 | SAPIENZA |University of Rome "La Sapienza" Italy
e A é\f::;i:ﬁl::zs.:set;::bl\il;;ove Tecnologie, I'Energia e lo Sviluppo Italy
17 | ALBA-CELLS Consorci.o para la Construccion Equipamiento y Explotacion del Lab. Spain
de Luz Sincrotron
18 CNRS Centre National de la Recherche Scientifique CNRS France
19 KIT Karlsruher Instritut fiir Technologie Germany
20 PSI Paul Scherrer Institut PSI Switzerland
21 CsIC Agencia Estatal Consejo Superior de Investigaciones Cientificias Spain
22 UH/HIP  |University of Helsinki - Helsinki Institute of Physics Finland
23 VU VU University Amsterdam Netherlands
24 USTR University of Strathclyde United Kingdom
25 UniTov |University of Tor Vergata Italy
26 USTR Bilfinger Noell GmbH Germany
Third Parties Organisation Name Country
AP1 osLo Universitetet i Oslo - University of Oslo Norway
AP2 ARCNL Advanced Research Center for Nanolithography Netherlands
AP3 NTUA National Technical University of Athens Greece
AP4 AUEB Athens University Economics & Business Greece
AP5 KyTe KYMA Techn. DOO Slovenia

Sincrotrone Trieste
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Task Description

2018

1|2|3|~j2)0; ¢

9/10/ 11| 12

— 1 2019

13/14/15/ 50, ar 4023 <) 21|22 23 24

2020

25 26 27 28 29/3031)32/33/34/ 35/ 36

37'33'3j4-0|41'42 43 a4] a5/ a6/ 47] a8

2021

1 Project Management and Technical Coord.
1.1 Project governance and scientific managem.
‘1.2-Monitoring and reporting, partners coordinat.
‘1.3 Administrative and financial coordination

1.4 Dissemination of information

I AN/

e W

-

™

May & Nov

2021

2 FEL Science requirements and Facility Design
2.1 User requests and FEL performance
2.2 FEL layout, accel. and undulator requirements

2.3 CompactLight COR

\
KT
35

3 Gun and Injector
3.1 Evaluation of e-gun and Inj. technologies opt.
-B.Z-Bunch compressors and phase space lineariz.
‘3.3 Beam diagnostics and manipulation

3.4 E-gun and Injector design

™) 1y
.\ 4 - ¥ 4

lg

4 RF Systems
4.1 Param, of perf. and cost model of the RF unit
4.2 Design report of optimized RF unit

4.3 Accel. Structure design and fabrication proced.

5 ‘Undulators and Light production
5.1 Near and medium term (4-5 years) und. techn.

5.2 Design report of the facility baseline undul.

“2
2

o my

p”
<

6 ‘Bcarn Dynamies and Start to End modeling

6.1 Tools for evaluating the facility performance

6.2 Start to End simulation of the facility

7 Global integrat. with new Research Infrastr.
7.1 Mid term rep. for integrat. & services analysis

7.2 Final report integrat. services & cost analysis

<5 z>

8 Beam Instrumentation and Diagnostics
8.1 Instrumentation and Beam Diagnostics layout

8.2 System integration and cost estimation

D = Deliverable
M = Milestone
VM = Video Meeting

CompactLight Gantt Chart

=4

Elettra Sincrotrone Trieste
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q WP Type
Del. Deliverable name Lead part. Del?’:ate
( CompactLight Public Website. WP1-ST DEC-PU-M3 2
D1.2 Data Management Plan WP1-ST ORDP-PU-M6 (1)
D2.1 Report providing users requirements and FEL performance specification. WP2-STFC R-PU-M12 8
D3.1 | Evaluation report of the optimum e-gun and injector solution for the XLS CDR. WP3-INFN R-PU-M18
D3.2 | A review report on the bunch compression techniques and phase space linearization WP3-INFN R-PU-M18
D4.1 | Computer code report for RF power unit design and cost optimization. WP4-CERN R-PU-M18 2
D5.1 A review report comparing the different technologies for the CompactLight undulator. WP5-ENEA R-PU-M18 :
4 D6.1 | Review report on the most advanced computer codes for the facility design WP6-UAIAT R-PU-M18 9
OK D2.2 |Report summarizing the FEL design with accelerator and undulator requirements. WP2-STFC R-PU-M24
D7.1 | Mid-term report with CompactLight global integration and cost analysis WP7-ST R-PU-M24
COVID 19 pandemic ---> 2020 Deliverables postponed to 2021
D3.3 |Design report of the injector diagnostics/beam manipulations based on a X-band cavities WP3-INFN R-PU-M39
D3.4 E-gun and injector Design Report with diagnostics and phase space linearizer WP3-INFN R-PU-M39
D4.2 |Design report of the optimized RF unit WP4-CERN R-PU-M39
D4.3 Report on RF unit design and fabrication procedure WP4-CERN R-PU-M39 2
\| D5.2 | Conceptual Design Report of the undulator WP5-ENEA R-PU-M39 0
30 { D6.2 |Final report with start to end facility simulations WP6-UAIAT R-PU-M42 2
June || D8.1 |XLS electron and photon beam biagnostics WP8-UniTor R-PU-42 1
D7.2 |Final report with CompactLight global integration analysis, services and cost. WP7-ST R-PU-M48
D361C. D2.3 |Hard X-ray FEL Conceptual Design Report. WP2-STFC R-PU-M48
D1.2 |Production of a short monograph summarizing the Conceptual Design Report. WP1-ST R-PU-M48
q HG2021 April 19-22, 2021 G. D’Auria 6
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Fropean Union WPs Structure Compact
Work Package Lead Participant Person Months

WP1 |Project management and Technical Coordination Elettra- ST (G. D'Auria) 32
WP2 |FEL Science Requirements and Facility Design STFC (J. Clarke) 68
WP3 |Gun and Injector INFN (M. Ferrario) 76
WP4 |RF systems CERN (W. Wuensch) 78
WP5 |Undulators and Light production ENEA (F. Nguyen) 81
WP6 |Beam dynamics and Start to End Modelling UA-IAT (A. Aksoy) 78
WP7 |Global Integration with new Research Infrastructure Elettra - ST (R. Rochow) 27
WP8 |Beam Diagnostics and Instrumentation UniTor (A. Cianchi) 27

Total 456

= = == - 1 WP2 — FEL Science requirements and Facility Design =~ |= = = = = = = = = =

— WP6 — Beam Dynamics and Start to End Simulations || WP8 - Diagnostics |

| |
| |
| |
energy tuning
| c-band Athos |
: D+ PR — —ICO |
: WP3 - Gun 2:2% ;i grenv 100 Hz |
and Injector

| |
|

I gun & booster linac 1 linac 2 linac 3 .
| 10, 200 pC 2.0-3.0GeV 2.1 - 5.816.5) GeV Aramis 0.1 (0.08) — 0.7 nm I

:'HD:.M :.n_, .{"r@ s 2.5-58GeV
| 5 BC - ——> 'y 520 fs, 100 Hz |
7% 0.35 GeV 20Gev

I =2 ’ - WPS — I
| WP4 — RF Systems Undulators |
I and Light I
Production I

q HG2021 April 19-22, 2021 G. D’Auria 7
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The facility design and FEL Parameters have been driven by Users’
requirements and associated science cases

Parameter Unit

Soft x-ray FEL

Hard x-ray FEL

Photon energy

Wavelength

Repetition rate

Pulse duration

Pulse energy

Polarization Variable - Selectable
Two-pulse delay fs + 100
Two-colour separation % 20 3 10
Synchronization fs <10

» Repetition rate up to 1 kHz
» Two colours operation
> Simultaneous HXR/SXR operation

=)

These will be unique and very
desirable features of XLS design

Elettra Sincrotrone Trieste

HG2021 April 19-22, 2021
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Anticipated XLS performance compared with other existing facilities

35 — T —— Ty —r—rrrrry —r——rrrrer ——r—rrrrr
- : —— European XFEL (Germany)
i : SACLA (Japan)
3 PAL XFEL (South Korea)
—10%F { |——LCLs wsa)
g 4 } Target of CompactLight
2 ol FERMI (italy)
- 10°°F ] FLASH (Germany)
= f ) gt —~SPring-8 (Japan)
© b o PETRA Il (Germany)
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& | —-APS (USA)
E ; 1 NSLS Il (USA)
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i | 7 BESSY (Germany)
§ | |
-‘% 10%% 1 1
@ o ~
& e N T !
:'—-_91023[' N\ 1
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Parameter

Value

Max energy

Peak current
Normalised emittance
Bunch charge

RMS slice energy spread

Max photon energy

5.5GeV @100 Hz

FEL tuning range at fixed energy

Peak spectral brightness @16 keV

5 KA

0.2 mm.mrad

< 100 pC
10~4
16 keV
W2

1033 ph/s/mm?/mrad?/0.1%bw

Electron beam parameters at the undulator entrance (HXR)

RF operating scenarios:
> B: dual mode (Baseline)

» Dual source (Upgrade 1 & 2)

Parameter Unit Dual mode Dual source
Operating Mode B U1, U2
Repetition rate kHz 0.1 025 0.1 1
Linac active length m 94

Number of structures 104

Number of modules 26

Number of klystrons 26 26 + 26

Peak acc. gradient
Energy gain per module
Max. energy gain

MV/m 65 32 65 30.4
MeV 234 115 234 109
MeV 6084 2990 6084 2834

HG2021 April 19-22, 2021
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SXR

C tﬁ i
ompac BASELINE Schematic GHz

SPLITTER

LINAC-3 SXR/

LINAC-2 HXR

LINAC-0

DOUBLE . TIMING
Pl LASER Ka-band CHICANE

PULSE Harmonic linearizer

\— _/
Y

LINAC-1

HXR

Main linac, lenght ~ 216 m

GHz
LINAC-0 Kka-band lin. LINAC-1 LINAC-2 LINAC-3 SPLITTER

A H/S XR

4 C-band + 8 X-band 12 X-band 8 X-band 72 X-band
+ Ka-band

# Hard X-ray
# Soft X-ray

1000 Hz 0.57 0.76 2.40

GeV GeV GeV

X-band accelerating structures operate at
different gradients for 100 and 1000 Hz

q HG2021 April 19-22, 2021 G. D’Auria 11
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Com Pa Ct  BASELINE Schematic FIXEDPOL. VAR POL.
FEL-1 . === SXR

1
GHz
BEAM
0.3 GeV SPLITTER FIXED POL. VAR POL. DUMP
LINACO LINAC1 LINAC2 LINAC3 FEL-2 ABS fR— _ HXR
---------- STATIONS

TIMING :
SPLIT
PI LASER

CHICANE

C-band

X-band 0.97 to 1.95 GeV @ 250 Hz (SXR/SXR)
27510 5.5 GeV @ 100 Hz (HXR/HXR)

1 klystron x LINAC Module operating in dual mode with pulse shortening
Ref. CPI VKX-8311A

HXR SXR

50 MW, 1.5 ps, 100 Hz 50 MW, 150 ns, 250 Hz
<E,..> =65 MV/m ' <E,..> =32 MV/m

SLED bypassed
Linac energy reduced by a factor [2 @ 250 Hz rep rate

Max rep rate very much dependent on modulator rise/fall time T,

Klystron operated always at its nominal working point

q HG2021 April 19-22, 2021 G. D’Auria 12
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Co m pa ct SElERLE FIXED POL. VAR POL.
Schematic
FEL-1 . SXR
STATIONS
0.3 Gev FIXED POL. VAR POL. -
LINACO LINAC1 LINAC2 LINAC3 . FEL-2 et
STATIONS
SPLIT 1 TIMING
Pl LASER : CHICANE
]
C-band | X-band 0.97 to 1.95 GeV @ 1000 Hz (SXR/SXR)
2.75t0 5.5 GeV @ 100 Hz (HXR/HXR)
O 0.97 to 1.95 GeV @ 100 Hz (SXR/HXR
Compact ™ e
£045Gevl .. MODS FIXEDPOL VARPOL.
Y seep ——
T — LINACA e Ty FEL-1 AB-1
0.3 Gev s20Gev . <
/ -
{: LINACO LINAC1 LINAC2 FEL2 | AB-2 HXR
/ TIMING - STATIONS

SPLIT REERICRER P| CHICANE SELF Se—
Pl LASER

0.97 to 1.95 GeV @ 1000 Hz (SXR/SXR)

2.75to 5.5 GeV @ 100 Hz (HXR/HXR)
+

2.75to 5.5 GeV @ 100Hz (SXR/HXR at the same time)

2 klystrons x LINAC Module:
*CPI VKX-8311 @ 50 MW
*CPI (Canon E37113*) @ 10 MW

q HG2021 April 19-22, 2021 G. D’Auria 13
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Operating modes, output energies & repetition rates

Operating  FEL-1 FEL-2 LO-L1-L2-L3 L3 L4 L4
Mode A-range A-range Rep.Rate [Hz] Final E[GeV] Rep.Rate [Hz] Final E [GeV]
| BASELINE |
B-HH 0.6 - 0.08 nm 100 2.75-5.5
B-SS 5.0-0.6 nm 250 0.95-1.95
B-HH 0.6 - 0.08 nm 100 2.75-5.5
UPGRADE-1
U1-HH 0.6 - 0.08 nm 100 2.75-5.5
U1-SS 5.0-0.6 nm 1000 0.95-1.95
UPGRADE-2: U1 plus extra mode
U2-SH 5.0-0.6 nm 100 2.755.5 100 0.95-1.95
0.6-0.08 nm
Legenda:
B = Baseline HH = Twin Hard X-ray pulses

Ul = Upgrade 1 SS = Twin Soft X-ray pulses
U2 = Upgrade 2 SH = Soft and Hard X-ray pulses simultaneous

q HG2021 April 19-22, 2021 G. D’Auria 14
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Dual bunch operation

Compacto

Pulse splitting options for a simultaneous operation HXR/SXR

At=nT1,, n=135..

Spacing between the two bunches should be:
2, 6,10, 14... X-band rf cycle

As=n Agun Now the spacing is fixed to 10 X-band rf cycles
€ > N At As »
/ Gun (C-band) (ps) (mm)
E / 6 GHz
" C-Band 1 166 50 2
3 500 150 6
Linac
E 12 GHz 5 833 250 10
X-Band
7 1.16 350 14
l TDC 9 1.5 450 18
=4 ’ 3GHz
. S-Band
> 26MV (see to FEL2
“’ FLASH)
TW TDC R
_________ co - s )ofom B
=
< >

HG2021 April 19-22, 2021
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2.5 accelerating cells

RF ports: \

17.5 MW, 300 ns

Twin bunches, sitting in near
consecutive RF buckets (hundred’s
of ps separation), for the
simultaneous operation of the two
FEL lines (pump-probe exp.)

Pumping ports

TiSa
Laser ports

Courtesy M. Diomede

q HG2021 April 19-22, 2021 G. D’Auria 16
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Same injector for High and Low repetition rate operations
(1 KHz and 100 Hz)

2.5 cells C-band Gun
160 MV/m Diagnostics section 8 X-band structures First bunch compressor

q 4 C-band structures
Cu cath. TiSa laser 3m @ ~ 120 MeV ~
2m long 15 MV/ @ 30 MV/m @ ~ 300 MeV

W v L 4 vy
i S R S tA-—AD
- 4A> < ~23 m )A <

Diagnostics section Laser heater K,-band X-band
@ 7 MeV 1.5m @ ~ 120 MeV linearizer deflector

Courtesy M. Ferrario

q HG2021 April 19-22, 2021 G. D’Auria 17
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Operating frequency [GHZ] 5.996 Phase advance

Klystron pulse length [us] 2 cillla s sl

Number of cells

Klystron peak power [MW)] 15
Total length [m]

Pulse rate [pps] 1000 i :
Average iris radius [mm]

QO of BOC 216000 Tapering angle [deg]

Qe of BOC 19100 yris radius (first - last) [mm]
Shunt imp. [MQ/m]

15 MW, 2 ps, Q
1 kHz (CP1) Group velocity/c [%]

Filling time [ns
Modulator hall - [n]
———————————————————————————— Repetition rate [Hz]

———————————————————————————— Avg. acc. gradient [MV/m]

Linac tunnel Kly. Power per module [MW]

2pil3
16.667
120
2
6.6
0.02
6.943 — 6.257
71-77
9986 - 9943
2.4-16
336

e
C150
P

Courtesy M. Diomede

q HG2021 April 19-22, 2021
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Frequency [GHz] 11.994
RF pulse (250 Hz) [us] 1.5(0.15)
Average iris radius <a> [mm] 3.5
' ' 4.3-2.7
10 MW, 1.5 ps, 50 MW, 1.5 s, Iris radius a [mm)]
1 kHz 100 Hz Iris thickness t [mm] 2.0-2.24
RF switch Structure length L [m] 0.9
CPIVKX-8311A  Unloaded SLED Q-factor Q, 180000
VIODE CONVERTER Modulator hall External SLED Q-factor Qg 23300
CIRCULAR WAVEGUIDE Shunt impedance R [MQ/m] 85>-111
@ MODE CONVERTER Effective shunt Imp. R, [MQ/m] 349
SLED Linac tunnel i 0 4.7-0.9
inac tunnel Group velocity v_g/c [%]
Filling time [ns] 146
Repetition rate [Hz] 100 250 1000
X-Band (11.994 GHz)
SLED ON OFF ON
Kly. Power per module [MW] 44 44 9

Avg. acc. gradient [MV/m]

65 30 30

Courtesy M. Diomede

HG2021 April 19-22, 2021
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36 GHz linearizer

Compa ct”

Parameter

q9=27r/3

<P=51T/6

(P=67T/7

Units

Q 4392 5251 5365 -
L 106 109 109 MQ/m
v, 0.122 0.138 0.145 c
[ %, 07 0.5 05 m
E, 2.6 3.1 3.0 MV/m
R 3.96 3.86 3.85 mm
R; Q.00) mm
L. 2.78 3.47 3.57 mm
. L; 0.60 mm
] i 1.00 mm

*normalized to £, = 1 MV /m

e Accelerating gradient: 41.7 MV/m
e Maximum surface E field:108 MV/m

power supplied by the RF source and pulse compressor.

A 30 cm structure provides the required voltage, 12.75 MV, with the 15 MW of RF

Courtesy by G. Burt and A. Castilla

HG2021 April 19-22, 2021
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Two possible designs could provide ~3 MW at 1 kHz:
a) gyro-klystron
b) multi-beam klystron

Gyro-klystron Multi-beam klystron
Input window & coupler Superconducting
magnet
Electron gun
m | 60 cm H I 33 cm
Interaction ) 1‘“
circuit Output
Collector window
120 cm
Time 29.99% ns: PHASESPACE for all particles -nl:-':?m-
Input cavity "'/Output cavity i
] . ﬂj———_?ﬁf'intermediate
‘ e cavity .
, | e
i e " e Courtesy by G. Burt, A. Cross, |. Syratchev

q HG2021 April 19-22, 2021 G. D’Auria 21
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Preliminary design of a 15 MW, 5.996 GHz klystron
(p.r.r. up to 1KHz)

Parameter Min Nom Max Units
RF Operating Frequency 5.996 GHz
Peak Power Output 15 154 MW
Average Power Output 20 20.54 50 kW : :
Peak Power OutPut & RF Gain vs. Peak RF Input Drive Power
DC to RF Eﬁ:iciency 42 45 o % for a Nominal 15 Mw, 5.996 GHz Pulsed Klystron
Beam Voltage . 220 230 kV [ —+—Peak Power Output —e—RFGain | ::
Beam Current -~ 1547  165.4 a IBZafum Zi
Average Beam Power 170 190 kW \\></f -
Micro-Perveance 1.45 1.5 155 a/nv32 | 2 / e e
- 5 10 ] Sat. nrm - _;_
RF Power Gain 49 54 dB i / ResSTNRENE < “
RF |nput DI’IVG POWGr === 70 160 W ) / Simulation Parameters & Performance LH-‘—_G——‘ 22
Pulse Width (video) 5.0 us = Seam G718 -
Pulse Width (RF) 20— 30 us S - :
Pulse Repetition Freq. 400 1000 Hz A = SHENINEERE M et
Peak RF Input Drive Power (w) 06/16/2020
Video Duty Factor 0.3 % e
RF Duty Factor 0.2 %
Instantaneous Saturated
BW < 0.2dB power variat. >6 MHz
VSWR Tolerance -—-- -—-- 1.2:1 -—-- Courtesy of CPl Comm. & Power Ind.

q HG2021 April 19-22, 2021 G. D’Auria 22
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European Unian X-band klystron developments Compact

Preliminary design of a 10 MW, 11.9942 GHz klystron
(p.r.r. up to 1KHz)

Parameter Min Nom Max Units
RF Operating Frequency 11.9942 GHz
Peak Power Output 10 10.27 MW
Average Power Output 20 20.54 23.6 kW P or  Nomingl 20 MW, 11,5542 G Pl Kiysron
DC to RF Efficiency 38 43 % E [ rekromotys —=-won
Beam Voltage 185 195 kv e ___H_H-g*\_._._._ -
Beam Current - 12731 137.76 a E = y::’/ \I:i:
Average Beam Power 70.66 80 KW g e A——= A s fran .

T * —~ = s _

Micro-Perveance 1.55 1.6 1.65 VA g Eg ,/ B S Ef;:g
RF Power Gain 48 54 aB || I/ ="
RF Input Drive Power 40 200 w E" / W ”"
Pulse Width (video) 75 us o If Moo Lo «
Pulse Width (RF) 20 5.0 us | s E:%?f:‘:’:f‘:p{if‘ff o M L
Pulse Repetition Freq. 50 400 Hz 2 : 8 ,,ea:';,W,,vmw‘;‘:(w, = Ejjm e 05;;,2019
Video Duty Factor 0.3 %
RF Duty Factor 0.2 %
Instantaneous Saturated
BW < 0.2dB power variat. >40 MHz
VSWR Tolerance L L o1 L Courtesy of CPI Comm. & Power Ind.

q HG2021 April 19-22, 2021 G. D’Auria 23
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Undulators Compact

Both Soft and Hard X-Ray configurations foresee a SASE line based on Helical
SCUs plus an Afterburner line based on Apple-X undulators

\ .'_‘,‘
-~ ' &

”

SC helical undularor Value Unit
Period length Cl:D mm
Length (including matching periods) 1.755 mm
Magnetic gap @ mm
Beam pipe bore diameter 3 mm
aw (8 keV) 1.33
aw (16 keV) 0.617
Bmax on axis 1.09 T

SESSERSRRARaS Y

Winding trials ongoing at RAL on a

30 cm model, 13 mm period

HG2021 April 19-22, 2021
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v Project is running well and all the WPs are progressing
according to the time schedule.

v CompactLight will offer advanced and challenging FEL
schemes with a wide range of operating modes, using
affordable, efficient, normal conductive RF X-band
technology and SC undulators.

« Operation with two bunches up to 1 KHz.
 Simultaneous operation of HXR and SXR at 100 Hz.

v' The extension of the machine operation up to 1 KHz will
represent a big step forward for the FEL community and
will pave the way for further applications of the XLS
technology.

q HG2021 April 19-22, 2021 G. D’Auria 25
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Compacta

Thank you!

CompactLight@elettra.eu www.CompactLight.eu
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