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§  Overview	

§  Building		

§  Machine	

§  Photon	beamlines	/	end	sta9ons	

	
	



SwissFEL in a nutshell 
2nd  phase 

Linac&3&
13&C*band&modules&

Linac&1&
9&C*band&modules&

Injector& Linac&2&
4&C*band&modules&

Athos&0.7*7nm&

Aramis&0.1*0.7&nm&0.35&GeV& 2.1&GeV& 3.0&GeV& 3.0*5.8&GeV&

user&&
sta@ons&2.6*3.4&GeV&

Linear&accelerators&
C*Band&technology&

Photocathode&
RF&gun& BC1& BC2& kicker&

magnets&

septum&
TDS&

ARAMIS	

Hard	X-ray	FEL,	λ=0.1-0.7	nm	

Linear	polariza9on,	variable	gap,	in-vacuum	undulators	

First	users	2017	

Opera9on	modes:	SASE	&	self	seeded	
	

ATHOS	

SoP	X-ray	FEL,	λ=0.7-7.0	nm	

Variable	polariza9on,	Apple	III	(Apple-X?)	undulators	

First	users	2019,	2020?	

Opera9on	modes:	SASE	&	self	seeded	

Main	parameters	

Wavelength	from	 		0.1nm–7nm	

Photon	energy 	 	0.2-12	keV	

Pulse	dura9on	 	 	1	fs	-	20	fs	

e-		Energy	(0.1	nm)	 	5.8	GeV	

e-	Bunch	charge					 	 	10-200	pC	

Repe99on	rate								 	100	Hz	
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European Synchrotron Light Source Workshop  

Start injector commissioning 

First electron beam through Aramis undulator line 

Start first experiments with Eph=3.4 keV 

Start first experiments with Eph=12.4 keV 

Building completed 
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Building 



SwissFEL construction site, (picture July 2014) 

Injector	

Linac	

BBQ	hut	

Undulators	

Experiment	hall	

SLS	synchrotron	

Proton	cyclotrons	

Building	key	figures	

overall	length:						740	m		
soil	movements:		95’000	m3	
casted	concrete:		21’000	m3	or	50’000	t	



SwissFEL Construction Site, June 2015 



November 30, 2015 PSI, November 30, 2015 PSI, Seite 8 

SwissFEL Injector  

Test facility 

Now Injector pre-assembly 

SwissFEL C-Band  

Test Facility 

C-Band  

• Cavity stacking and brazing 

• BOC production 

SwissFEL site 

~May 2013 

Hall on rent 

for girder  

pre-assembly 

PSI-West 
PSI-East 

Some infrastructure around SwissFEL 

0 200 400 m 



2.5 cell S-band RF gun  
 

Machined	“on	tune”	according	to	HFSS	

No	tuning	plungers	

No	tuning	step	during	machining	
	

Best	design	features	from		

LCLS	and	CTF/PHIN	RF	guns	adopted	

•  quadrupole	compensated		
symmetric	coupler	

•  load	lock	

•  β=2	

RF	and	mechanical	design:		PSI	

Fine	machining	cavi9es	:	 	VDL	

Pre-machining	&	brazing:				PSI	workshop	

Cathode plug 



Vacuum Suitcase

Cs2Te Evaporation chamber

Blind deposition: 15nm Te 25 nm Cs

QE measuring chamberMicroscope camera

Linking Chamber (Ferrovac)

Cs2Te cathode preparation & load lock system 
courtesy Romain Ganter 



Status Injector Installation  
courtesy Marco Pedrozzi 

Laser	heater	

GUN	

Bunch	compressor		
(without	dipoles)	

Cooling	sta9on	

Technical	gallery	



C-band linac modules 

four	2	m	long	C-band	
structures,	28

	MV/m	

0.22	GeV	ene
rgy	gain	per		

module	(+10%	o
verhead)	

9	m	

C-band-klys
tron	

	5.7	GHz,	50
	MW,	3	μs,	100	H

z	

BOC	
pulse		
compressor	

Main LINAC #
LINAC module 26
Modulator 26
Klystron 26
Pulse compressor 26
Accelerating structure 104
Waveguide splitter 78
Waveguide load 104



Modulator prototypes in C-band test area 



C-band structures 
•  Structures	are	machined	“on	tune”,	no	

provisions	for	dimple	tuning!	

•  Stacked	by	robot	

•  Vacuum-brazed	

•  Produc9on	rate:	1-2	/	week	

•  High	power	results	for	first	structure:	

à  Condi9oned	to	52	MV	/	m		

à  Break-down	rate	at	52	MV	/	m		
≈	2	x	10-6	

à  At	nominal	28MV/m,		
break-down	rate	negligible	(well	
below	the	specified	threshold	of	10-8)	

R.	Zennaro	et	al.,		

“Measurement	and	High	Power	Test	of	the	First	C-Band	
Accelera9ng	Structure	for	SwissFEL”,	Proceedings	of	
LINAC2014,	Geneva,	Switzerland	
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T5

Achieved precision at VDL-ETG-Switzerland 
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T5

Typical examples of metrology on a structure: on top histogram iris diameter ,  
   on bottom histogram iris cell diameter  

Courtesy of J.Y. Raguin 

2a	

2b	



RF pulse compressor 

TM18,1,1 

RF	design:	
ü Single	cavity	
ü Whispering	gallery	mode	with		
	analy9cal	solu9on	

ü intrinsic	high	Q>200000	
Adapted	from	the	original	design	for	S-Band	of		

I.	Syratchev		(CERN).		
	

Mechanical	design:	
Simple	and	robust	design:	
ü Inner	body	from	a	single	piece	

ü Two	brazing	steps	
ü Machined	on	tune	
	

ProducBon:	
ü 100%	in	house		
ü 20/26	BOCs		ready,	no	rejec9ons	
	• R.	Zennaro	et	al.,	"C-band	RF	pulse	compressor	for	the	SwissFEL",		Proc.	IPAC	2013,	Shanghai	

• U.	Ellenberger	et	al.,	"The	SwissFEL	C-Band	RF	Pulse	Compressor:	Manufacturing	and	Proof	of	Precision	by	RF	Measurements",	FEL	2014,	Basel	

• A.	Ciwerio	et	al.,	“C-band	Load	Development	for	the	High	Power	Test	of	the	SwissFEL	RF	Pulse	Compressor”,	LINAC	2014,	Geneva	

• I.	V.	Syratchev,	“RF	pulse	compressor	systems	for	CTF3”,	Proc.	5-th	MDK	Workshop,	Geneva,	June	2001.		







Waveguide tuning 



Transport of girders in tunnel 



First C-band linac modules in SwissFEL tunnel 
 



Production plan linac modules 
 



Aramis undulators 
       courtesy Romain Ganter  

m	=	17t	

12	x	U15	for	ARAMIS	

Mineral	cast		
support	frame	

Vacuum	tank	

posi9oning	mechanic	
•  μm	precision		
•  tons	of	magne9c	force	

Array	of	1060		
permanent	magnets	

4m	

Magnetic Length  3990 mm 

Period λu   15 mm (266 periods) 

Gap   3.2    4.2   4.7   5.5 mm 

Undulator K value  1.8    1.4   1.2   1.0 

Magnetic field Bz on axis    1.3    1.0    0.9  0.7 T 

Magnetic material  NdFeB-Dy 

Pole Material   Permendur (CoFeVa) 

Design & engineering + final assembly and mag. meas.: PSI 
 

Key industry partners: 

• MDC Daetwyler Industries (CH)  - frame, gap mechanics  

• RI (D)  - Assembly magnets on beams 

• Hitachi (Jp)  - Permanent magnets (series) 



April ‘15, first undulator frames arrive in new        
SwissFEL building 

       courtesy Romain Ganter  Truck	transport	with		
Thermo-Box	

Transport	in	SwissFEL	building		
with	air-cushion	vehicle	



Robot adjusting position of magnets 
 



�

�

�
�

�
��
�
�
�
�
�

���
�
���

�
�
�������
��
�
�
��

�
�
�������
�

��

��
���
�

�
�
���

�
�
�����
���
�
�
��
���
��

�
���
��

���
�
���
�
�
�

�
���
�
�
�
��

�

��
��
��
�
��

�

��
�

�

�
�

�

�

�

�
�

��
�
��
���
�
�

�

�

�
��
���
�
�

�
�
�
�
��
��

�
�
�

�
�

�

�
����

�

��

�
��
�
�

��

�

�
��
�
��
���
�����
�
��
�
�
�
�

�

��
�
�������
�

�
�

�
�

�
���
�
�
��
�
�
�

���
�

�

��
��

�

��
���
��
��
�

�

�
��
����
�����

�

��
�
�
�
�
����
����
�

�
���

�

�
�
������
��
��

�����
��

�

�
��
�

�

��
�
��
����
�

�

�
�

�
�
�
�

��

�
��
�

�
���
�

�
��
��

�
�
�
�
�
�
�
�
���
�
�

�

�

�
��
����
��
�

�
�
�
���
�

�

�

�

�

��
�

�
�
��

�
����
�
�����
���
�
�
�
�
�
�
�
�������
��

�

�
��
�
�
���
�
����

�

��
�
����

�
���

�

���
��
��
���
�
��
�

�

���
�
�
�

�

��
�

�

�

�

�
��
�
���
�

�

�

��

�

�
�
�
��
�

�
��
�
��
������
�

�

�

�
�
�

�

�
�

��
�
�������
��
�
�

��

�

�

�
�

�

�

-2 -1 0 1 2
-60

-40

-20

0

20

40

60

position along the s axis (m)

P
ol
e
he
ig
ht
ad
j(
µm

)

UpStr localK optimization �error : 26.6° DownStr

H
M
B
_2
01
5-
07

-0
8-
12

_1
2_
31

Results from first field correction of undulator 
in new SwissFEL building 
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 Initially: Phase Error = 26º 

 After Column Adjustment: Phase Error = 6.9º 

 After individual pole adjustment: 

 Phase Error = 1.2º 

 Trajectory < +/- 1 µm 

Courtesy of M. Calvi 



ATHOS	Exp.	surface:	
1	single	hutch	(692	m2)	
	
ARAMIS	Exp.	surface:	
	3	separate	hutches	(522.6	m2)	

ESA	 ESB	 ESC	

ARAMIS	experiment	area	

ATHOS	experiment	area	

Experiments 



ARAMIS photon beamline layout 
courtesy Rolf Follath 

Aramis1
Ultraf ast photochemistry, Nonlinear X-ray excitations
• ESA with end stations “Prime” and “Flex”
• Harmonic rejection  < 10-5 

• 1.5 m / 4 m working distance
• Prime focus : <1 µm (ideal optics @12.4 keV) 

Flex focus : 1.5  µm (ideal optics @12.4 keV) 

CRL
Offset mirrors

M11 M31 M12 M32 M21 M22
M23 M24

M14M13

M33 M34

4 mrad

6 mrad 6 mrad

4 mrad

6 mrad

67
4 m

m

55
5 m

m
(8

22
 m

m
)

M15

M16

2 – 32 mradAU8
AU4

AU4

AU4

AU4

CRL

8-12 mrad

DCM1

DCM2

Aramis 1

Aramis 2

Aramis 3

KB-1

KB-2
8-12 mrad

ESA Prime + Flex

ESB  

ESC  

HR-mirrors

Aramis 2 
Pump Probe Diffraction and Scattering
• Grazing incidence (resonant) X-ray diffraction
• 2.5 m working distance
• 2-200 µm spot size 
• 1 µm focus size (Ideal optics @ 12.4 keV)

Photon	energy range
1.7	– 12.4	keV		(1- 7	Å)	



Gas	Beam	Posi9on	Monitor	(PBPG,	from	DESY)	

Gas	Beam	Intensity	Monitor	(PBIM	,	from	DESY)	

Solid	Beam	Posi9on	Monitor	(PBPS)	

Profile	Monitor	(PPRM)	

SR	Detector	(PSRD)	

Photo-diode	Intensity	Monitor	(PDIM)	

Photon	Single	Shot	Spectrometer	(PSSS)	

Photon	Arrival	and	Length	Monitor	(PALM)	

Photon	Spectral	Encoding	Monitor	(PSEN)	

Photon beam diagnostics 
courtesy Pavle Juranic 



ESC: 
Coherent diffraction and 
nanocrystallography 

http://www.psi.ch/swissfel/

Phase II (>2018) 

ESA:
Ultrafast photochemistry 
and photobiology

 
 
- XAS & XES   
- WAXS & SAXS 
- SFX 
 
- liquid samples 
 
ESA review January 2014 

ESB: 
Ultrafast dynamics in solid 
matter, strongly  
correlated electron systems 
 
 
 
 
 
 
 
 
- (resonant) x-ray diffraction  
- x-ray scattering: diffuse, inelastic  … 
- RIXS (phase II) 
 
- Solid matter 

Phase I (2017) Phase I (2017) 

SwissFEL Aramis experimental stations 



medium-pressure nozzle connected to a heated sample reser-
voir (Ihee et al., 2001). Typically, the pressure at the nozzle is
about 5 torr when the backing pressure is about 100 torr. At
this condition, the ambient pressure inside the vacuum
chamber can be as high as 10!3 torr. To maintain a good
vacuum in adjacent chambers, differential pumping should be
employed. For both electron and X-ray diffraction experi-
ments, the carrier gas that is normally used in time-resolved
spectroscopic experiments is not desirable because the carrier
gas also contributes to the diffraction, thereby increasing
the background and deteriorating the signal-to-noise ratio.
However, a carrier gas of low-Z value such as helium can still
be used because of its relatively low scattering intensity versus
atoms with higher Z. Clusters of atoms or molecules can be
obtained as well by using a sufficiently high backing pressure.

4. Photochemistry in the liquid and solution phases

The chemistry in the solution and liquid phases has formed an
important field of research because many biological and
industrially important chemical reactions occur in solution.
The major challenge in understanding solution-phase chem-
istry arises from the presence of numerous solvent molecules
surrounding a solute molecule, leading to solute–solvent
interactions. The solute–solvent interaction often alters the
rates, pathways and branching ratios of chemical reactions
through the cage effect (Hynes, 1994; Frauenfelder &
Wolynes, 1985; Maroncelli et al., 1989; Bagchi & Chandra,
1991; Weaver, 1992). For example, the timescale of the
response of solvent molecules to electronic rearrangement of
solute molecules critically affects the rates of photochemical
reactions in liquid phase. Therefore, to have a better under-
standing of solution-phase chemical dynamics, it is crucial to
consider the complex influence of the solvent medium on the
reaction energetics and dynamics, i.e. the solvation effect.

It has been demonstrated that the solvent reorganization
response to a change in solute charge distribution is strongly
bimodal, that is, an initial ultrafast response owing to inertial
motions followed by a slow response owing to diffusive
motions (Impey et al., 1982; Maroncelli & Fleming, 1988;
Jimenez et al., 1994). The timescale of the former is of the
order of tens to hundreds of femtoseconds so, to resolve such
fast dynamics, it is required to have an experimental tool with
sufficient time resolution. In that regard, ultrafast laser spec-
troscopy in the optical and infrared regime has flourished in
studying reaction dynamics in solution phase owing to their
superb time resolution. While optical spectroscopies are
highly sensitive to specific electronic or vibrational states, they
are unable to provide information on global molecular struc-
ture. In contrast, time-resolved X-ray scattering (or diffrac-
tion) techniques can provide rather direct information on the
global structure of reacting molecules, complementing the
optical spectroscopy.

In recent years, we have witnessed that synchrotron-based
TRXD can serve as an excellent tool for studying elementary
chemical reactions in liquid and solution. For example, struc-
tural dynamics and transient intermediates in solution reac-
tions of small molecules and proteins have been elucidated
with a time resolution of 100 ps (Plech et al., 2004; Bratos et al.,
2004; Davidsson et al., 2005; Ihee et al., 2005a; Wulff et al.,
2006; Kim et al., 2006, 2009; Lee et al., 2008; Cammarata et al.,
2008; Ihee, 2009). However, owing to the limited time reso-
lution, TRXD has been only used for probing rather slow
processes leading to intermediates in quasi-equilibrium, with
ultrafast dynamics arising from the interplay between the
solute and solvent beyond its scope. Now that highly coherent,
sub-100 fs X-ray pulses are available for use with the advent of
XFELs, TRXD can reach the realm of optical spectroscopy in
its capability of resolving ultrafast processes. Thus, femto-
second resolution brought by the XFEL should allow inves-
tigation of ultrafast reaction dynamics in the presence of
solvent interaction.

Among the candidates for the first femtosecond solution-
phase TRXD experiment are diatomic molecules (I2 and Br2),
hydrocarbons (stilbene), haloalkanes (CBr4, CHI3, CH2I2,
C2H4I2 and C2F4I2), organometallic compounds [Platinum
Pop, ferrocene, Fe(CO)5, Ru3(CO)12 and Os3(CO)12] and
protein molecules (myoglobin, hemoglobin and cytochrome
c), which have been studied previously by using time-resolved
X-ray diffraction with 100 ps time resolution. In particular,
molecules containing heavy atoms will be promising since
heavy atoms give a large signal and thus a good contrast of the
solute signal against solvent background. In that regard,
iodine (I2) in solution is a good example for XFEL-based
time-resolved X-ray diffraction experiments. The photo-
dissociation and recombination of iodine in solution has been
regarded as a prototype example for the solvent cage effect
and thus has been a topic of intense studies (Meadows &
Noyes, 1960; Harris et al., 1988; Yan et al., 1992; Scherer et al.,
1993). As shown in Fig. 5, once an iodine molecule is excited to
a bound B state and relaxes to a repulsive 1! state, the two
iodine atoms start to separate as in the gas phase. However,

Acta Cryst. (2010). A66, 270–280 Kim, Kim, Lee and Ihee " Ultrafast X-ray diffraction 275

dynamical structural science

Figure 4
Schematic of the experimental set-up for time-resolved X-ray diffraction.
An optical laser pulse initiates the chemical reaction in the molecules
supplied by one of the sample-flowing systems, depending on the phase of
the sample. Subsequently, a time-delayed X-ray pulse synchronized with
the laser pulse probes the structural dynamics of the reaction. The
diffracted signal is detected by a two-dimensional CCD detector to record
the diffraction pattern.

ESA	Flex	

ESA	Prime	

ESA:	Ultrafast	
photochemistry	
and	photobiology	

ESA	Prime	
Tender	X-ray	
spectrometer	
combined	with	X-
ray	scawering	

C.	Milne,								
J.	Szlachetko	
and	G.	Knopp	

Assembled	un9l		
end	2016	

ESA	hutch	30.07.2015	

Experimental Station A at SwissFEL 
courtesy Chris Milne 

ESA Prime 
ESA Flex 

Design	review	Nov.	2015	 In	opera9on	at	SLS	

ESA	Flex	
Flexible	sta9on	for	
user-configurable	

experiments	



SwissFEL ESB: General Layout (Phase I) 
courtesy Gerhard Ingold 

October 2015

October 2017

Single X-ray Focus Position
Two Endstations



•  Specifically	developed	for	SwissFEL	applica9ons	
•  Charge	integra9ng	detector	with	dynamic	gain	

switching,	with:	
-  Front-end	electronics	similar	to	AGIPD	and	

GOTTHARD	
-  Dimensions,	sensor	and	mechanics	similar	

to	the	EIGER	project:	75x75	μm2	pixel	size,	
4x8	cm2	module	area.	

•  500k	(one	module),	1M	(2	modules),	4M		and	
16M	(ESA-ESB	main	instruments,	32	modules)	
systems	are	foreseen	

•  Horizontal	gaps	very	small	(8px)	
•  compact	(20-25cm)	in	the	Z	direc9on	
•  Vacuum	compa9ble	op9on	

JUNGFRAU	0.1:	A.	Mozzanica	et	al.,	JINST,	9,	C05010,	2014	
JUNGFRAU	0.2:	J.	H.	Jungmann-Smith	et	al.,	JINST,	9,	P12013,	2014	

JUNGFRAU	Technical	Design	Report,	J.H.	Smith	et	al.,SwissFEL	website,	2015	Module in prototype mechanics 

a 4M system drawing 

The Jungfrau 2D detector 
courtesy Aldo Mozzanica 
 



Thank you for your attention 


