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Free-Electron Lasers

Compacto
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https://www.compactlight.eu/Main/ConceptsAndApproach

Free-Electron Lasers Compa ct@

E.g., SwissFEL @ PSI

energy tuning

cbanid Athos IC =
0.65-5nm, 100 Hz
2.6 -3.4 GeV
gun & booster linac 1 linac 2 linac 3 .

10,200 pC 2.0-3.0GeV 2.1-58(6.5) GeV Aramis 0.1(0.08) - 0.7 nm
2.5-5.8GeV

g BC BC 5-20fs, 100 Hz

b g 0.35 GeV 2.0 GeV

EA] Linac2022 A. Latina 3



Free-Electron Lasers Compa ct@

E.g., SwissFEL @ PSI

Main parameters

Wave length 1A -50A
Photon energy 0.25-12 keV
Pulse duration 1fs - 20fs
e Energy 5.8 GeV
e Bunch charge 10-200 pC
Repetition rate 100 Hz
energy tuning
cbanid Athos
HIC D
0.65-5nm, 100 Hz
2.6-3.4 GeV
gun & booster linac 1 linac 2 linac 3 .
10,200 pC 2.0-3.0GeV 2.1-58(6.5) GeV Aramis 0.1(0.08) - 0.7 nm
2.5-58GeV
g BC BC 5-20fs,100 Hz
% g 0.35 GeV 2.0 GeV

EA] Linac2022 A. Latina 4



SwissFEL Facility Compact

The SwissFEL Building Site

The two passages for wild game crossing.
3 2t

On the first floor the
RFmodulators and other
supply systems
are situated.

Photon Beamlines,

Experiments
and Preparation Laboratories

ARAMIS Undulators

Situation of SwissFEL next to PSI campus

Linear Accelerator

Aare
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Injector / '0? '?l RS
!_,:' O L ARS
PSIcampus® - = ‘\’ N / >
g WISS| i
) ) Swiss Light Source m [ —en— SN %,
C-band acceleration, 28 MV/m gradient Central Control Roon’ mil 740m ~ 3%

The facility has a total length of 740 m
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The CERN Compact Linear Collider (CLIC)

Compa ct”

Compact Lmear Colllder (CLIC) P>
N 380 GeV - 11.4 km (CLIC380) - ‘
. [N 1.5TeV - 29.0 km (CLIC1500)
| 0 3.0TeV-50.1km (CLIC3000) 4
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The CERN Compact Linear Collider (CLIC) Compact™

BN VN TR 72775 ) 1 o A g, s & vk
Compact Linear Collider (CLIC) * |

# I 380 GeV - 11.4 km (CLIC380)

U 1.5 TeV - 29.0 km (CLIC1500)

:
4 1
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The CompactLight Collaboration Compact”

+ The XLS Collaboration gathered 26 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

www.compactlight.eu
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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.

We made use of the latest concepts for:
> High brightness electron photoinjectors
> Very high gradient accelerating structures

> Novel short period undulators
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Collaboration Partners

Compact
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 lta |y 6
6 uu Uppsala Universitet Sweden Netherlands 3+71 Ass. Part.
7 UoM The University of Melbourne Australia U K 3
8 ANSTO |Australian Nuclear Science and Tecnology Organisation Australia
9 UA-IAT |Ankara University Institute of Accelerator Technologies Turkey G erma ny 2
10 ULANC Lancaster University United Kingdom S pa | N 2
11 VDL ETG |VDL Enabling Technology Group Eindhoven BV Netherlands
12 TU/e Technische Universiteit Eindhoven Netherlands AUStra | ia 2
13 INFN Istituto Nazionale di Fisica Nucleare Italy Ch | Nna 1
14 Kyma Kyma S.r.l. Italy
15 | SAPIENZA |University of Rome "La Sapienza" Italy G reece 1+2 Ass. Part.
16 T 25:::;::225.:;:3b|\:|20ve Tecnologie, I'Energia e lo Sviluppo Italy Swed en 1
17 | ALBA-CELLS z:r:-suozrgii:)‘cr:zt;?;: Construccion Equipamiento y Explotacion del Lab. Spain TU rkey 1
18 CNRS Centre National de la Recherche Scientifique CNRS France F fance 1
19 KIT Karlsruher Instritut fir Technologie Germany H
20 PSI Paul Scherrer Institut PSI Switzerland SWItzerl an d 1
21 CSIC Agencia Estatal Consejo Superior de Investigaciones Cientificias Spain Fl n | an d 1
22 UH/HIP  |University of Helsinki - Helsinki Institute of Physics Finland
23 VU VU University Amsterdam Netherlands N 0 rway 1 Ass. Part.
24 USTR University of Strathclyde United Kingdom S|Ove n |a 1 Ass. Part.
25 UniTov University of Tor Vergata Italy
26 USTR Bilfinger Noell GmbH Germany lnternat' 1
Third Parties Organisation Name Country
AP1 OoSLO 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 TEHN. DOO Slovenia
@ Linac2022 A. Latina 9



Foglio1

				Data

		Lun		4-Jan		Panzo

						Cena		Hamburger di melanzane ed erbette rosse

		Mart		5-Jan		Panzo		Pasta e cavolfiore

						Cena		Bistecche + cavolfiore insalata

		Merc		6-Jan		Panzo		Pasta con cappesante e filetto di sogliola

						Cena		Tortino con pasta fillo melanzane e carne tritata

		Giov		7-Jan		Panzo

						Cena		Tortino con pasta fillo melanzane e carne tritata

		Ven		8-Jan		Panzo		Pasta calamari e radicchio

						Cena

		Sab		9-Jan		Panzo		Calamari fritti

						Cena

		Dom		10-Jan		Panzo		Pesce

						Cena
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				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		VDL ETG		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

				16		ENEA		Agenzia Naz. per le Nuove Tecnologie, l'Energia e lo Sviluppo Economico Sostenibile		Italy

				17		ALBA-CELLS		Consorcio para la Construccion Equipamiento y Explotacion del Lab. de Luz Sincrotron		Spain

				18		CNRS		Centre National de la Recherche Scientifique CNRS		France

				19		KIT		Karlsruher Instritut für Technologie		Germany

				20		PSI		Paul Scherrer Institut PSI		Switzerland

				21		CSIC		Agencia Estatal Consejo Superior de Investigaciones Científicias		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 TEHN. DOO		Slovenia
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Technical WPs Structure Compact®

2.5-5.8 GeV
5-20fs, 100 Hz

BC
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CompactLight performance

CompactC"T

Estimated XLS performance compared with other existing facilities

35 T T L | T T
10 ! European XFEL (Germany)
i -SACLA (Japan)
: PAL XFEL (South Korea)
—10% i [—LCLS (UsA)
— ] Swiss FEL (Switzerand)
§ ! ——Target of CompactLight
2 031 i FERMI (ltaly)
por - FLASH (Germany)
ko o~ SPring-8 (Japan)
o : 1 PETRA Ill (Germany)
E "}25 E ESRF (France)
e APS (USA)
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Photon Energy [eV]
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FEL radiation parameters Compact -

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 keV 0.25-2.0 2.0-16.0

Wavelength nm 5.0- 0.6 0.6 -0.08

Repetition rate Hz | | ) 100

Pulse duration fs |

Pulse energy m)J <0.3

Polarization Variable - Selectable

Two-pulse delay fs + 100

Two-colour separation % 20 10

Synchronization fs <10
~ Repetition rate up to 1 kHz These will be unique and highly
~ Two-colour operation — desirable features of XLS design
> Simultaneous HXR/SXR operation |

‘@ Linac2022 A. Latina 12



Foglio1

		

						Parameter		Unit		Soft x-ray FEL		Hard x-ray FEL

						Photon energy		keV		0.25 - 2.0		2.0 - 16.0

						Wavelength		nm		5.0 - 0.6		0.6 - 0.08

						Repetition rate		Hz		100 to 1000		100

						Pulse duration		fs		0.1 - 50

						Pulse energy		mJ		< 0.3

						Polarization				Variable - Selectable

						Two-pulse delay		fs		± 100

						Two-colour separation		%		20		10

						Synchronization		fs		< 10
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Operational parameters COmpactQ

Main electron beam and FEL parameters

Parameter Value

Max energy 5.5GeV @100 Hz
Peak current 5 kKA
Normalised emittance 0.2 mm.mrad
Bunch charge < 100 pC
RMS slice energy spread 10—*

Max photon energy 16 keV

FEL tuning range at fixed energy X2

Peak spectral brightness @16 keV  10*? ph/s/mm?/mrad®/0.1%bw

Parameter Unit Dual mode Dual source
Two-bunch train Operating Mode B U1, U2
| Repetition rate kHz 01 025 0.1 1|
RF operational scenarios: Linac active length m 94
> B: dual mode (Baseline) Number of structures 104
> U1, U2: dual source (Upgrade 1 & 2) Number of modules 26
Number of klystrons 26 26 + 26
Peak acc. gradient MV/m 65 32 65 30.4
Energy gain per module MeV 234 115 234 109
Max. energy gain MeV 6084 2990 6084 2834

I@ Linac2022 A. Latina 13



Linac baseline

Compacta

<
Compact BASELINE Schematic Ha SR
LINAC-0 LINAC-1 LINAC-2 LINAC-3SPLIT.I-ER SXR/
L HXR
DOUBLE "C-band Ka-band CHCANE  FEL-2 YR
PULSE PI Harmonic linearizer
— J
Y
Main linac, length ~250 m
GHz
LINAC-0 Ka-band lin. LINAC-1 LINAC-2 LINAC-3 SPLITTER
8 C-band 2 Ka-band 12 X-band 8 X-band 72 X-band
‘ Hard X-ray
GeV GeV
X-band accelerating structures operate at different
gradients for 100 and for 250/1000 Hz
‘@ Linac2022 A. Latina 14




CompactLight upgrades Compactc’

UPGRADE 1

C om p a Cto FIXED POL. VAR POL.

Schematic
SXR
STATIONS
b 4

LINAC1

LINAC2 LINAC3 HXR
STATIONS
TIMING

LINACO

<

SPLIT
Pl LASER

Split PI i CHICANE
Laser H
C-band : X-band 0.97 to 1.95 GeV @ 1000 Hz (SXR/SXR)
2.75to 5.5 GeV @ 100 Hz (HXR/HXR)
2 klystrons x LINAC Module:
- CPI VKX-8311 @ 50 MW ) | o™ =05 MVIm @100 Hz
<E,..> =30.4 MV/im @ 1 kHz
*CPI (Canon E37113*) @ 10 MW
Com pacto UPGRADE 2 0.97 to 1.95 GeV @ 100 Hz (SXR/HXR)
Schematlc +0.45 GeV fq%%% FIXED POL. VAR POL.

EEHG

| B |
LINAC4 SEED FEL-1 = SZ SXR
SXR BYPASS LINE STATIONS
0.3 GeV <2.0 GeV . FIXED POL. VAR POL.
Pig
LINACO LINAC1 - ——
|

FEL-2
-—— = STATIONS

TIMING —— -

CHICANE SELF SEEDING

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

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

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

@)
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Injector and Linac0 Compact

Parameter Unit After VB and/or BC-1
Charge Q pC 75
Beam energy MeV 300
RMS Bunch Duration o; fs 350
Peak Current A 60
RMS Energy Spread % 0.5
Projected RMS Norm. Emittance um 0.2
Repetition Rate Hz 100—-1000
2.5 C-band Diagnostics Section
Gun 2 mlong C-band @ ~120 MeV 3 m 2 mlong C-band \_B@:Jnch Compressor 1
160 MV/m structures =15 MV/m structures =15 MV/m ~300 MeV
< v S C \ 4 4
] - ) O - & -+ jane-oh---Af—
A 5 £
Diagnostics Laser Heater @ ~120 MeV K-band X-band
Section with matching 1.5 m Linearizer Deflector
7 MeV

‘@ Linac2022 A. Latina 16



Injector and Linac Beam Dynamics

"
Compact

E (MeV)

9

140 — : 0.35 1 - : : 0.8
. OOl Mmoot wiesttieie et - 0.3 Ox — 0.7
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Ka-band Structure Compact”

Higher-harmonic linearizer

Longitudinal phase space linearization can be achieved using a linearizer

1
h2

We chose h=6, 36 GHz RF

‘/lin — Vmain COS(¢main)

Parameter Value Units

Active length / 300 mm

Phase advance ¢ 271/3 rad

Number of cells 108 - Ka-band RF sources

Filling time © 8.4 ns

Frequency f 36 GHz § ooutsigma RS o,
Compressed power P 15 MW mputwindow ©3 . | |
Design gradient £, 425  MV/m X Clector o e
Peak surface field £, 109.2  MV/m Mis i =l -
Peak surface field B, 189.1  mT - W==] |

Modified Poynting vector S,  4.84  W/um? ol Siereadicioenaane

Average iris aperture <a> =2 mm Gyro-klystron

Multi-beam klystron

‘@ Linac2022 A. Latina 18



Dual-bunch Operation

Pulse splitting options for a simultaneous
operation HXR/SXR

At=nT1g,, n=135..

As =n Ag,,
T—>
e , Eg: n At As
/ z
) C-Band 1 166 ps 50 mm
"" 3 500 ps | 150 mm
c -. \ Linac 5 833 ps 250 mm
12 GHz
y / X B 7 1.16ns | 350 mm
‘ 9 1.5ns 450 mm
TDC
E. . 3GHz
. S-Band
- 26MV (see
“' FLASH)
TW TDC —
S |
< >
0.5m
Linac2022 A. Latina
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Main accelerating structure

Compact

4

o,

RF system parameter and layouts done for 100 Hz
baseline, 100/250 Hz dual mode and 100/1000 Hz

Parameter Value

dual klystron Frequency [GHZ] 11.9942
Phase advance per cell [rad] 21/3
MW, 1. 100 H :
gg MWZ 1550|1nss,, 20500 HZz Shunt impedance R [MQ/m] 90-131
10 MW, 1.5 us, 1 KHz Effective shunt Imp. R, [MQ/m] 387
Group velocity v, [%] 4.7-1.0
PoulPin 3215
mﬂﬂ Filling time [ns] 144
Number of cells per structure 108
Average gradient <G> [MV/m] 65 32 30.4 Unloaded SLED Q-factor Q, 180000
Max klystron available out. power [MW] 50 50 10
External SLED Q-factor Q¢ 23000
Req. klystron power per module [MW] 39 425 8.5
# structures per module N, 4
RF pulse length [us] 1.5 0.15 1.5 _
Module active length L, 4 [M] 3.6
SLED ON OFF ON o
Av. diss. power per structure [kW] 1 0.31 2.2 el Ui leelus se= 3.5
Peak input power per structure [MW] 68 10.6 14.8 Iris radius input-output [mm] 4.3-2.7
Av. Input power per structure [MW] 44 106 96 Structure length Lg [m] 0.9
Module energy gain [MeV] 234 115 109
Linac2022 A. Latina 20
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Main linac module

=

Compact

Low-energy module

1kHz@10MW Bower - 100Hz@50MW
Klystron/Modulator Switch Klystron/Modulator
Mode converters
+ circular WG
PC
Splitter
Quad contains
BPM&Corrector
Sector Conn.
valve

I

10cm 103cm 5cm 12cm

High-energy module

TkHz@10MW -—F,OWer

Klystron/Modulator Switch

100Hz@50MW
Klystron/Modulator
Mode converters

+ circular WG

PC

Splitter

Quad contains
BPM&~Corrector

Sector valye

X Acc-Structure Acc-Structure Acc-Structure Acc-Structure

<> —

10cm 103cm 5cm 103cm  5cm 5cm
= 12cm 10cm

Linac2022
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Main linac beam dynamics

Compacf’j’

4

Beam performance under the effects of misalignments: 100 pum rms 200 prad rms, all elements.
Average of 100 random configurations.

6 032 1 I l ! 0.35
. 0.3 - Vs rn—'*“' .
0.28 One-One \},f /.’ '
0.26 DFS - w3 0.25
4 ;
> 02 €
O3 g 022 E
8a) 0.15 ©
2 w
0.1
1 0.05
0 | 0
50 100 150 200 250
Distance (m)
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-
n - l\_j
Main beam profile Compact
e 1 R — g
e T 012§
< :
I / Kﬂ
W
0.011 o i 0.08-
ox 0.041
= 002
&
= 0.00-
_50.0 0.0 50.0 Arb. u 10 x5 0 M
z (pm) t (ts)
5.48 1
= 411 Parameter Unit Value
<G E GeV 550
- ][_)%:) 573.?;1: j_lvmrad 021?
il Eiig pmrad  0.148
5.51 s MeV.ps 0.01
= o mm  0.013
550 oy mm  0.007
& oF fs 5.195
A oE MeV 1.67
. . . , AE/E % 0.030
100 0.0 100 200 Arb. u
t (fs)
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Undulator parameters

"
Compact

50 |

25 |

Wavelength [A]

15 |

0.775

[ A
[ Y
- Soft X-ray $

Both undulator lines have identical
parameters, so K is tuneable to
provide a factor of 2 wavelength
tuning for both Soft X-ray and
Hard X-ray

A, ~13mm
K,~0.85-1.85

» Soft X-ray
Epeam=1.0/1.4/1.95GeV
(~3 discrete working points
@increased rep.rate, TBC)

» Hard X-ray
Eieam=2.75/3.9/5.5GeV

(~3 discrete working points
@100Hz)

Linac2022
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CompactLight Undulators CompactO

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

SC helical undularor Value Unit

Period length @ mm

Length (including matching periods) 1.755 mm

Magnetic gap mm
Beam pipe bore diameter 3 mm
a, (8 keV) 1.33

ay (16 keV) 0.617

Bmax on axis 1.09 T

Winding trials ongoing at RAL on a
‘ : 30 cm model, 13 mm period

Courtesy of B. Shepherd (STFC)
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Pasti

				Data

		Lun		4-Jan		Panzo

						Cena		Hamburger di melanzane ed erbette rosse

		Mart		5-Jan		Panzo		Pasta e cavolfiore

						Cena		Bistecche + cavolfiore insalata

		Merc		6-Jan		Panzo		Pasta con cappesante e filetto di sogliola

						Cena		Tortino con pasta fillo melanzane e carne tritata

		Giov		7-Jan		Panzo

						Cena		Tortino con pasta fillo melanzane e carne tritata

		Ven		8-Jan		Panzo		Pasta calamari e radicchio

						Cena

		Sab		9-Jan		Panzo		Calamari fritti

						Cena

		Dom		10-Jan		Panzo		Pesce

						Cena





Partners



				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		VDL ETG		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

				16		ENEA		Agenzia Naz. per le Nuove Tecnologie, l'Energia e lo Sviluppo Economico Sostenibile		Italy

				17		ALBA-CELLS		Consorcio para la Construccion Equipamiento y Explotacion del Lab. de Luz Sincrotron		Spain

				18		CNRS		Centre National de la Recherche Scientifique CNRS		France

				19		KIT		Karlsruher Instritut für Technologie		Germany

				20		PSI		Paul Scherrer Institut PSI		Switzerland

				21		CSIC		Agencia Estatal Consejo Superior de Investigaciones Científicias		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 TEHN. DOO		Slovenia
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				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		VDL ETG		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

				16		ENEA		Agenzia Naz. per le Nuove Tecnologie, l'Energia e lo Sviluppo Economico Sostenibile		Italy

				17		ALBA-CELLS		Consorcio para la Construccion Equipamiento y Explotacion del Lab. de Luz Sincrotron		Spain

				18		CNRS		Centre National de la Recherche Scientifique CNRS		France

				19		KIT		Karlsruher Instritut für Technologie		Germany

				20		PSI		Paul Scherrer Institut PSI		Switzerland

				21		CSIC		Agencia Estatal Consejo Superior de Investigaciones Científicias		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 TEHN. DOO		Slovenia





WP months



								Work Package				Lead
Participant		Person Months		Start Month		End month



								WP1		Project management and Technical Coordination		Elettra - ST 
(G. D'Auria)		32		1		36

								WP2		FEL Science Requirements and Facility Design		STFC
(J. Clarke)		68		2		36

								WP3		Gun and Injector		INFN
(M. Ferrario)		76		2		36

								WP4		RF systems		CERN
(W. Wuensch)		78		2		36

								WP5		Undulators and
Light production		ENEA
(F. Nguyen)		81		2		36

								WP6		Beam dynamics and
Start to End Modelling		UA-IAT
(A. Aksoy)		78		2		36

								WP7		Global Integration with
New Research Infrastructure		Elettra - ST
(R. Rochow)		27		6		36

								WP8		Beam Diagnostics and Instrumentations		UniTor
(A. Cianchi)		27		6		36

												Total		456





Foglio3 (2)







																						N
(C-band)		Δt
(ps)		Δs
(mm)				N
(X-band)

																						1		166		50				2

																						3		500		150				6

																						5		833		250				10

																						7		1.16		350				14

																						9		1.5		450				18





Foglio3 (3)

										SC helical undularor		Value		Unit

										Period length		13		mm

										Length (including matching periods)		1,755		mm

										Magnetic gap		4.2		mm

										Beam pipe bore diameter		3		mm

										aw (8 keV)		1.33

										aw (16 keV)		0.617

										Bmax on axis		1.09		T
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Summary of Beam Parameters Compact”

Operating modes
Lo/L1/12/13 L3 L4 L4
Rep rate Output Energy Rep rate Output Energy
(Hz) (GeV) (Hz) (GeV)

Operating ~ FEL1  FEL2
mode  Wavelength Wavelength

BASELINE
,,,,,,,,,,,,,,,,, B-HH  HXR  WXR 100 275-55
B-SS SXR SXR 250 0.97 - 1.95
UPGRADE 1
U1-HH HXR HXR 100 2.75-5.5

ui-ss SXR SXR 1000 = 097-1.95
| UPGRADE 2-ALL MODES FROM UPGRADE 1 PLUS EXTRA MODE
U2-SH SXR HXR 100 ~ 2.75-55 100 ~ 0.97-1.95

Beam Parameters

Parameter Unit Hard X-rays Soft X-rays

Beam Energy GeV 55 3,9 2,75 1,95 1,37 0,97
Photon Energy Range keV 16-8 8-4 4-2 2-1 | 1-0.5 0.5-0.25
Minimum Peak Current * kA 5.0 2.5 1.5 0.925 0.65 0.35
RMS Slice Energy Spread % 0.01 0.014 | 0.02 0.028 | 0.04 0.056
Normalised Emittance mm-mrad 0.2

Bunch Charge pC 75

I@ Linac2022 A. Latina 26



Foglio1

		

				Beam Parameters

				Parameter		Unit		Hard X-rays						Soft X-rays

				Beam Energy		GeV		5.5		3.9		2.75		1.95		1.37		0.97

				Photon Energy Range		keV		16 - 8		8 - 4		4 - 2		2 - 1		1 - 0.5		0.5 - 0.25

				Minimum Peak Current *		kA		5.0		2.5		1.5		0.925		0.65		0.35

				RMS Slice Energy Spread		%		0.01		0.014		0.02		0.028		0.04		0.056

				Normalised Emittance		mm-mrad		0.2

				Bunch Charge		pC		75





Foglio2

		





Foglio3

		






Facility layout

Compactc:I

|

Compact

Klystron Gallery
(Upper level)

Linac Tunnel
(Underground level)

Front-End Building
(2 floors)

Experimental Hall

Photon Beamlines

Undulator Hall

483.6 m

154.6 m

Linac2022
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CompactLight as an accelerator toolkit

Compa ct

CompactLight has been conceived as an accelerator toolbox
« Hi-rep. rate C-band injector

« X-band Linac module

- Ka-band linearizer

 Undulators

We studied two cases
* Inverse-Compton Scattering source (ICS)
« Short soft X-ray FEL facility

Linac2022
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An ICS source based on CompactLight

-
Compact

e C g X oo X gapl

Laser
Parameter Symbol CompactLight Unit
Electron beam energy E, 100 MeV
Collision frequency feff 50,000 s7!
Bunch charge Q 200 pC
Rel. energy spread e/ Ee 5 %0
Norm. emittance Ex/ €y 0.35/0.39 mm mrad
Electron spot size Oex/ Oy 5.56/12.34 pm
Laser pulse energy E, 50 m]
Laser spot size Olaser,x/ Tlas ety 4.71/4.71 pm
Crossing angle ¢ 2 °
Source size a)?—ray,x / o')*&—ray,y 3.59/4.40 pm
Total flux IQLY 8.62 x 10! ph/s
Average brilliance B 1.85 x 101 L

1 ph/(s mm? mrad? 0.1%BW).

A High-Energy and High-Intensity Inverse Compton Scattering Source Based on CompactLight Technology MDPI

Photonics, April 2022, https://www.mdpi.com/2304-6732/9/5/308

@)
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A CompactLight-based ICS Compact

. Storage Rin
g g
S AXLS aODUCLS®
oM 1014 | A Linac
32 @ NESTOR g CBETA*
g B ERL 4 ELI-NP-GBS *
13 BriXS *
od B . u *
35 10 * Design o LEXG
g **  Commissioned A CXLS ™
12 = ExXistin
o 10" - 9
e
= A4 Smart*Light ** .
0 1 01 1L @ Thomx
—
5
81010 | o TTX & RLRES™
| =
O
T1009 L o NIV ™ FELICIA **
5 10 ® A
=
© 1 008 |
S
< m CERL ***

0? L | | 1 | | | | | 1 ]
10 10 10%° 10% 1097 10% 109 10" 10" 10'® 10" 10'4
Total flux [ph/s]

A High-Energy and High-Intensity Inverse Compton Scattering Source Based on CompactLight Technology MDPI
Photonics, April 2022, https://www.mdpi.com/2304-6732/9/5/308
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Biomedical applications

"
Compact

CompactLight as an ICS Source _ 2
P ) e T Es_ aCEph Ve
Photoinj. Linac A  ew

‘.”’ @ . v Es .
---H—-————-+——---b 10==x1fy
e Ye

L1 ICS process

Xoray erergy (keV

Smart Light (TU/e)

Breast CT imaging (early detection of breast cancer)
Typical X-ray energy range: 30-40 keV

Field of view (hor x vert.): ~15-20 cm x 15 cm

Flux requirements @ pat. position: at least 5x107 ph/mm?/s

Lung CT imaging (early detection of lung cancer, lung fibrosis)
Typical X-ray energy range: 60-70 keV
Field of view (hor x vert.): ~50 cm x 50 cm or ~15-20 cm x 15cm (local area, single lobe)

Imaging of small animals (studies of animal models mimicking human diseases)
Typical X-ray energy range: 15-30 keV
Field of view (hor x vert.): ~3-15 cm x 10-20 cm

High resolution Imaging of tissues and organs (in-vitro imaging)
Typical X-ray energy range: 10-30 keV (also pink beam)
Field of view (hor x vert.): ~1-3cm x 0.5 cm

Patient setup @ Elettra

Courtesy of G. Tromba (Elettra)
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CompactLight follow ups

Compact

v CompactLight published its Conceptual Design Report in early 2022:

https://zenodo.org/record/6375645

v We are part of Horizon Europe |.FAST project

v Manufacturing two CompactLight X-band structures

v Collaboration will continue:
v Periodic meetings
v Development of high repetition rate X-band power sources

v Design of an Inverse-Compton Scattering source and compact FEL

Linac2022
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Summary Compact:’-""‘

v CompactLight offers advanced and challenging FEL schemes with a
wide range of operating modes, using affordable, efficient, compact
technology:

v Simultaneous operation of HXR and SXR at 100 Hz
v C-band injector, two-bunch operation up to 1 kHz

v Compact X-band linac up to 65 MV/m gradient

v Ka-band linearizer at 36 GHz

v Compact super-conductive undulators

v The facility operation up to 1 kHz will pave the way for further
applications of the XLS technology

v The application of CompactLight technology offers the possibility to
assemble also smaller machines like Inverse-Compton Scatteromg
sources with a wide range of applications
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