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First Experiements & User Operation (Concept) 
Luc	
  Pa8hey::	
  	
  SwissFEL	
  Photonics	
  	
  ::	
  	
  Paul	
  Scherrer	
  InsEtut	
  

8th	
  Hard	
  X-­‐ray	
  FEL	
  CollaboraEon	
  MeeEng,	
  October	
  	
  24	
  -­‐	
  26	
  ,	
  2016	
  	
  



• First	
  Experiments	
  	
  
@	
  ARAMIS	
  beamline	
  (	
  and	
  ATHOS	
  beamline)	
  

	
  
• User	
  Opera=on	
  (Concept)	
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ATHOS and ARAMIS Experimental Area 

ATHOS	
  Exp.	
  Surface:	
  1	
  single	
  hutch	
  692	
  m2):	
  
•  SoL	
  X-­‐rays	
  0.25	
  ⇔	
  1.9	
  keV	
  (0.65	
  ⇔	
  5nm)	
  
•  Variable	
  polariza=on	
  undulators	
  
•  Modes:	
  SASE	
  +	
  self	
  seeded	
  +	
  broadband	
  +	
  

two	
  colors	
  +	
  CHIC	
  +	
  (burst)	
  +…	
  
•  Phase	
  II:	
  	
  2017-­‐2020	
  

ESA ESB 
ESC 

(phase II) 

Pump Laser infrastructure 

First floor 

ARAMIS	
  Exp.	
  surface:	
  3	
  sep.	
  hutches	
  (522.6	
  m2)	
  
•  Hard	
  X-­‐rays	
  1.77⇔12.4	
  keV	
  (0.1	
  ⇔0.7nm)	
  
•  1st	
  pilot	
  Experiment	
  Q4	
  2017	
  
•  Full	
  opera=on	
  (5.8	
  GeV)	
  Q2	
  2018	
  

SwissFEL ATHOS	
  

ARAMIS	
  

Pump Laser 

infrastructure 

Pulse	
  dura=on: 	
  1	
  –	
  20	
  fs	
  
e-­‐	
  	
  Energy 	
  5.8	
  GeV	
  
e-­‐	
  Bunch	
  charge	
  	
  	
  	
  	
   	
  10	
  –	
  200	
  pC	
  
Repe==on	
  rate	
  	
  	
  	
  	
  	
  	
  	
   	
  100	
  Hz	
  



Experimental Station A at ARAMIS 
ESA:
Ultrafast photochemistry 

and photobiology

C. Milne, J. Szlachetko*, 
J. Schneider and                 
G. Knopp 

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.
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•  Built and commissioned at the SLS 

•  Ready	
  for	
  installa=on	
  at	
  SwissFEL	
  

•  Motorized support 
installation 11.2016 

•  Awaiting final design 
review on chamber 

•  Delivery	
  in	
  12.2016	
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ESA – spectrometer crystals development 
courtesy Chris Milne & Jakub Szlachetko 

Segmented-­‐crystals	
  for	
  X-­‐ray	
  emission	
  spectroscopy	
  

Segment Res.: 100 meV @ 8keV 
      ΔE/E=1.25x10-5 Segmented	
  crystals	
  

Crystals	
  manufacturing:	
  
-­‐  Process	
  is	
  now	
  reliable	
  and	
  reproducible:	
  
	
  	
  	
  	
  	
  	
  	
  	
  by	
  Jorg	
  Schnieder	
  (ESA)	
  &	
  Konrad	
  Vogelsand	
  (LMN)	
  
-­‐  Produc=on	
  of	
  all	
  available	
  Si	
  cuts	
  (1xx,	
  3xx…)	
  
-­‐  In	
  collabora=on	
  with	
  PSI	
  Technology	
  Transfer,	
  ESA	
  

supplies	
  crystals	
  to	
  external	
  customers	
  (EuXFEL,	
  
MaxPlanck,	
  Uni.	
  Fribourg,	
  Brasil	
  Synchrotron….)	
  

	
  	
  



Experimental Station B at ARAMIS	
  

InstallaEon	
  schedule:	
  
•  PALM	
  prototype	
  ready	
  
•  Pump	
  laser	
  delivered	
  
•  KB	
  op=cs	
  Nov	
  2016	
  
•  Laser	
  incoupling	
  Feb	
  2017	
  
•  GPS	
  sta=on	
  Dec	
  2016	
  
•  XRD	
  sta=on	
  March	
  2017	
  
•  THz	
  cryo	
  chamber	
  under	
  design	
  
•  Robot	
  detector	
  arm	
  	
  Sept	
  2016	
  

&	
  Feb	
  2017	
  

	
  G.	
  Ingold,	
  	
  P.	
  Beaud,	
  
	
  H. Lemke, 
 J. Rittmann	
  

Sn2P2S6	
  

THz-­‐pumped	
  tr(R)XRD:	
  ferroelectrics/mulEferroics	
  

Grübel	
  et.	
  al.	
  (submi0ed)	
  

Laser/THz-Pumped Diffraction and Scattering: Cond. Mat. & Mat. Sci. 

X-­‐rays	
  

	
  THz	
  

Laser	
  	
  
EO-­‐sampling	
  

sample	
  
goniometer	
  
hexapod	
  

Be	
  exit	
  
window	
  

THz	
  cryo	
  chamber	
  at	
  ESB	
  



Fixed Target Serial PX in ESB 
courtesy Bill Pedrini 

M. Hunter et al. Scientific Reports 4 (2014) 
K. Hirata et al. Nature Methods 11 (2014) 

movable PX Sample module:  

Slalom trajectory: 1.2 µm / 100 µm @100Hz 

•  Project start: Jun. 2015 

•  Commissioning at ESB: Nov. 2017 

•  Project end: Feb. 2018 



ESB-MX end-station 
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Sample	
  Changer:	
  
-­‐200	
  sec	
  
-­‐1000	
  pins	
  



JUNGFRAU – Modules  Test at LCLS 

Single	
  Module	
  	
  

~8x4	
  cm2	
  

500	
  kPixel	
  
Single	
  module: 	
  4x2	
  chips	
  =	
  0.5	
  Mpixel	
  
Number	
  of	
  frames: 	
  ~1000	
  Frames	
  
Correc=ons	
  applied:	
   	
  Pedestal	
  subtrac=on	
  

	
   	
  Offline	
  photon	
  discrimina=on	
  
	
   	
  (5	
  keV	
  equivalent	
  threshold)	
  

Powder diffraction from calibration 
standard (Silver Behenate) 



JUNGFRAU – Gain and Noise 

  
Different	
  operaEon	
  condiEons:	
  
	
  
• High	
  Gain	
  Mode	
  (HG0):	
  
	
  +	
  Noise	
  performance:	
  	
  	
  <55	
  e-­‐	
  ENC	
  
	
  +	
  Minimum	
  photon	
  energy:	
  <	
  1.5	
  keV	
  
	
  (-­‐	
  Slightly	
  Less	
  Dynamic	
  Range)	
  

• Standard	
  Gain	
  (G0):	
  
	
  +	
  Noise	
  performance:	
  <100	
  e-­‐	
  ENC	
  
	
  +	
  Dynamic	
  Range:	
  	
  	
  	
  	
  	
  	
  	
  <1.104	
  x12.4	
  keV)	
  

• Noise	
  Performance	
  (ENC):	
  
	
  HG0:	
  	
  	
  	
  	
  <	
  55	
  e-­‐	
  (RMS)	
  

ADC	
  

N
um

be
r	
  
of
	
  C
ou

nt
s	
  

N
um

be
r	
  
of
	
  C
ou

nt
s	
  

Photon	
  Energy	
  (keV)	
  

•  Cu	
  Fluorescence	
  target	
  (Kα:	
  8	
  keV)	
  
•  Integra=on	
  =me:	
  10	
  µs	
  	
  
•  HV=200	
  V	
  
•  Readout	
  at	
  700	
  Hz	
  

•  Alenuated	
  direct	
  beam	
  at	
  	
  
	
   	
  1	
  .75	
  keV	
  
(PHOENIX,	
  SLS)	
  	
  

•  Integra=on	
  =me:	
  2	
  µs	
  	
  
•  HV=300	
  -­‐	
  400	
  V	
  
• Water	
  cooled	
  	
  
•  Sensor	
  assembly	
  in	
  vacuum	
  

Noise	
  
peak	
  

Kα	
  	
  
8.0	
  keV	
  

Kβ	
  
8.9	
  keV	
  

Noise	
  
peak	
  

1.75	
  keV	
  



Pump Laser (SAT) C. Erny, Y. Deng, J. Réhault 
Pulse energy @ 800nm: 21mJ 
Pulse duration: 27fs 
M^2 is around 1.1  
Focus spot size is around 100um with 1m focus lens	
  



ATHOS experiments from 2020  
 

Low	
  energy	
  
	
  

•  trXAS,	
  trXES	
  &	
  trRIXS	
  (CB)	
  
•  X-­‐ray	
  pump	
  –	
  op=cal/x-­‐ray-­‐
probe	
  4-­‐wave	
  mixing	
  (NL)	
  

	
  
	
   High	
  resoluEon	
  

	
  

•  trREXS	
  (CE)	
  
•  high-­‐=me	
  &	
  high-­‐energy	
  
resolu=on	
  trRIXS	
  (CE)	
  

•  Single-­‐shot	
  trXAS	
  &	
  	
  
trXMCD	
  (MD)	
  

Small	
  focus	
  
	
  

•  Split-­‐pulse	
  XPCS	
  (CE)	
  
•  tr	
  magn.	
  holography	
  (MD)	
  
•  S=mulated	
  Raman/RIXS	
  (NL)	
  
	
  



The	
  first	
  years	
  of	
  user	
  opera=on	
  at	
  SwissFEL	
  are	
  built	
  up	
  regarding	
  following	
  issues:	
  
	
  
§  Improving	
  the	
  performance	
  of	
  ARAMIS	
  accelerator,	
  beamlines	
  	
  and	
  sta=ons	
  
§  Installa=on	
  and	
  commissioning	
  of	
  ATHOS	
  
§  Building	
  up	
  opera=on	
  and	
  exploita=on	
  experience	
  
	
  
Distribu=on	
  of	
  beam=me	
  will	
  be	
  split	
  betwen	
  	
  

	
  accelerator/beamlines	
  development	
  and	
  consolida=on,	
  
	
  „FEL	
  produc=on“	
  for	
  users	
  	
  
	
  and	
  	
  installa=on	
  work.	
  

This	
  distribu=on	
  will	
  change	
  according	
  to	
  the	
  „maturity“	
  of	
  SwissFEL.	
  
	
  
Beam=me	
  dedicated	
  for	
  „FEL	
  produc=on“	
  will	
  be	
  split	
  up	
  :	
  
§ Users	
  =me 	
   	
   	
   	
   	
  70%	
  
§  Exp	
  sta=on	
  commissioning	
  and	
  in-­‐house	
  research 	
  25%	
  
§ Discre=onal	
  „directors	
  =me“	
   	
   	
   	
  	
  	
  5%	
  	
  

Users Operation: Considerations 
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The	
  general	
  yearly	
  schedule	
  is	
  coordinated	
  with	
  all	
  large	
  scale	
  facili=es	
  at	
  PSI	
  	
  
HIPA,	
  SINQ,	
  SLS	
  	
  to	
  avoid	
  peak	
  load	
  of	
  the	
  staff	
  responsible	
  to	
  maintain	
  and	
  run.	
  
	
  
Start	
  of	
  SwissFEL	
  opera=on: 	
  Second	
  week	
  of	
  January	
  
Shut	
  downs: 	
  	
   	
  Two	
  weeks	
  in	
  April/May	
  	
  

	
   	
   	
  Six	
  weeks	
  in	
  August/September	
  
End	
  of	
  Opera=on 	
   	
  Third	
  week	
  in	
  December	
  
	
  
Start	
  of	
  regular	
  Users	
  Opera=on 	
  May	
  2018	
  
Call	
  for	
  proposals 	
   	
   	
  September	
  2017	
  using	
  PSI	
  DUO	
  
	
  
OPERATION	
  Mode:	
  5.8	
  GeV,	
  200	
  pC,	
  30	
  fs	
  
All	
  diagnos=c	
  in	
  Front	
  End	
  and	
  Op=cs	
  ready	
  
Timing	
  tools	
  :	
  THz	
  Streaking	
  and	
  Spectral	
  Encoding	
  ready	
  
Two	
  Experimental	
  Sta=ons	
  commissioned:	
  

	
   	
  ESA:	
  Prime	
  and	
  FLEX	
  
	
   	
  ESB:	
  General	
  Purpose	
  System	
  and	
  Diffractometer	
  

	
  

Scheduling: general considerations 
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Beam	
  =me	
  will	
  be	
  distributed	
  in	
  blocks	
  of	
  4	
  weeks:	
  
	
  
	
  

Scheduling 2018 (2019)  
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ESA	
  
Accelerator/	
  
Beamlines	
  
Development/	
  
Consolida=on	
  
	
  

Installa=on	
  ESB	
  

Mon	
   Tue	
   Thu	
  Wed	
   Fri	
   Sat	
   Sun	
  

The	
  week	
  dedicated	
  to	
  experiments	
  will	
  be	
  distributed	
  in	
  
	
  1	
  day	
  installa=on,	
  1	
  day	
  accelerator	
  sevng	
  up,	
  5	
  days	
  for	
  experiment.	
  	
  

(2/3	
  shiLs	
  support)	
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PSI with SwissFEL, Aare and Alps 

5.12.2016	
  
“Finest	
  Source”	
  

1.06.2016	
   “Longest	
  Tunnel”	
  	
  

6.12.2016	
  
Kick-­‐off	
  User’s	
  Mee=ng	
  


