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e -[-{jm SwissFEL, the next Large Research Facility at PSI

SwissFEL key parameters

Wavelength range 1A-70A

Pulse duration 1fs-20fs
e Energy 5.8 GeV

e Bunch charge 10-200 pC
Repetition rate 100 Hz

Site constraints
Power consumption < 5 MW
Overall length < 900m

We would like to build 1st phase of SwissFEL 2012-2015
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SwissFEL Rational

The research capabilities of an X-ray FEL would be an ideal complement to PSI’s existing
synchrotron light source and spallation neutron source research facilities.

SwissFEL is to be built as a national facility in a “small” country.

Total cost must fit within a reasonable financial boundary.
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Lowest beam energy technically possible
Small period undulators with low K values
Low g, charge

Normal conducting linac technology
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e ]-{jm SwissFEL Science Case

PDF of science report at
http://fel.web.psi.ch/
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Ultrafast Phenomena at
the Nanoscale:

Science opportunities at the SwissFEL X-ray Laser

PSiEsricht Nr. 02-10
Saptemibar 2009
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RS SwissFEL Baseline

To keep the tight schedule for SwissFEL the baseline design has to use state of the art technical
solutions for all key components. These solution consist of:

e An injector based on a 3 GHz RF gun with laser driven Cu-photocathode and 3 GHz booster.
e Normal conducting 5.8 GeV linear accelerator with 5.7 GHz frequency, 26 MV/m accelerating

gradient, SLED pulse compression and solid state klystron modulator technology.

e Two magnetic bunch compressors with 12 GHz harmonic cavity on BC1 to reach fs scale
bunch length.

eUndulator design for ARAMIS hard x-ray FEL (1-7 A) uses planar, in-vacuum, room temperature,
permanent magnet arrays with variable gap, 15 mm period length and nominal K value of 1.2.

eUndulator design for ATHOS soft x-ray FEL (7-70 A) uses permanent magnet APPLE Il undulators
with 40 mm period, allowing full control of photon beam polarization.

¢ A high field / short pulse THz pump source in the experimental area driven by a small
dedicated electron accelerator.
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SwissFEL layout

BC1

Athos 0.7 -7 nm

d’Artagnan

Seed

BC2 F?E—E———;i>@

OBt oM == SOH- I l 2§, Aramis  0.4-07nm @
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Gun & Booster
S-band & X-band

I i
2.1 GeV
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|
: : I 3.4 GeV 5.8 GeV
1 |
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Linac 1 Linac 2 Linac 3 Undulators User Stations
C-band C-band C-band

715m

Aramis:

Athos:

D’Artagnan:

1-7 A hard X-ray SASE FEL,
In-vacuum , planar undulators with variable gap.

7-70 A soft X-ray FEL for SASE & Seeded operation .
APPLE Il undulators with variable gap and full polarization control.

FEL for wavelengths above Athos, seeded with an HHG source. Besides covering the
longer wavelength range, the FEL is used as the initial stage of a High Gain Harmonic
Generation (HGHG) with Athos as the final radiator.
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d;]:t[b Time structure

Aramis Athos

Microbunches

time

DD
50 ns < Q 50 ns
10 ms / 100 Hz

e Fast extraction at 3.4 GeV allows to serve 2 undulator lines simultaneously at full repetition rate
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o= SwissFEL e beam parameters

nominal operation
modes

Design Parameters
long short
pulse pulse

single bunch charge (pC) 200 10
beam energy for 1 A (GeV) 5.8 5.8
core slice emittance (mm.mrad) 0.43 0.18

projected emittance (mm.mrad) | 0.65 0.25

rms slice energy spread (keV) 350 250
Relative energy spread (%) 0.006 0.004
peak current at undulator (kA) 2.7 0.7
bunch length rms (fs) 30 6
bunch compression factor 125 240
repetition rate (Hz) 100 100
number of bunches / pulse 2 2

bunch spacing (ns) 50 50
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o= SwissFEL photon beam parameters

nominal operation
FEL parameters ARAMIS mode
long short
(for 5.8GeV operation) pulse pulse
undulator Period (mm) 15 15
undulator Parameter 1.2 1.2
energy Spread (keV) 350 250
laser Wavelength (A) 1 1
maximum saturation length (m) 50 50
saturation Pulse Energy (pJ) 60 3
effective Saturation Power (GW) 2 0.6
rms photon pulse length at 1 A (fs) 13 2.1
number of photon at 1 A (x109) 31 1.7
bandwidth (%) 0.03 0.04
peak brightness 3.10* 1-10*
(# photons:-mm™-mrad*s™/0.1% bandwidth)
average brightness 1-10** | 5.7-10"
(# photons:-mm™-mrad*s™/0.1% bandwidth)
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CEe Start2End simulation with ASTRA & ELEGANT

Q =200pC 0, =838 um ——— 708 um > 8.8 um Switching Yard to FEL2 & FEL3
e-beams
550m  UNDULATOR
GUN INJECT LH X01-02 BC1 DIAG1 8 C-band FODOs DIAG2 7+12 C-band FODOs | (NI NN TN T
" (NN A A A
Drg qﬂmaihﬂumrmmmmmmﬂthﬂuﬂmmm —
) T
100 MV/m 14.35 MV/m 200 MVim 19.9 MV/m 26.0 MV/m 26.0 MV/m FEL2 '»‘3' 3.4 GeV
51 deg 0 deg 200deg 180 deg -9.8deg +6deg FEL3 (@ 2.1 GeV
from zero crossing 16.62 MV/m
0 deg E=407.1MeV E=2032.9 MeV E=5800 MeV, 5= 0.019%
o~ 1.38% T~ 0.306% 0,=210um g,=219 pm. ¢.=8 8 pum
Rs= 55.5mm Rys=203mm £~ 0511 pm. g, ~ 0.354 pm
§=3.82 deg #=215 deg oot < 2.7 KA. £ o aice = 0.293 pm

Gx ice = 340 ke'V for whole bunch
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Gun laser|

|
2010 250 MeV Injector facility
2014 Building completed T
IGun laser
2.1 GeV 3.4 GeV 58Gevy ARAMIS FEL 1,7 A
mmnin
2016 SwissFEL Phase | T
Accelerator and hard X ray FEL =t
Gun laser
2.1 GeV 3.4 GeV 58Gey ARAMIS FEL 1.7 A
nn
2018  SwissFEL Phase Il = LR A [er———
Soft X-ray FEL = oump
THZz pump
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SwissFEL Schedule

Schedule SwissFEL Phase 1 & 2

R&D

Accelerator

R&D and prototyping of large number components (RF systems, undulators,...)

Installabion accelerator and
ARAMIS FEL

Buildings and
Buildings Planning and building permits tunnel

construction
Year 2009 2010 2011 2012

Milestones
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o SwissFEL preparatory R&D, |

d’Artagnan Athos 0.7 -7 nm
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I 1 | "
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I
|
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| ] I
Gun & Booster Linac 1 Linac 2 Linac 3 Undulators User Stations

713m

Test of overall system performance in SwissFEL 250 MeV Injector
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e I-{jm SwissFEL 250 MeV Injector Test Facility

laser beam : o, = 270 um, AT=29.9 ps (FWHM), nise & falling time = 0.7 ps August 21st, 2009 by Y. Kim
e-beams : O ~02nC, gy, =0.195um I, =22 A
(T TN TN T
VA p—
Future EEHG FEL Upgrade

o, =80pm ———— 55um
GUN TDS1 S-band LINAC X-band BC TDSs2

| e s o 5 |
.'. .'I .'. .'. = xs .
1000MV/m  13.59 & 18.86 MV/m 175MV/m  212MV/im E=2556MeV 2X5QMs SFODO . _ oo s MeV. o, = 1.665%
37.89 degree 0.0 degree -342 degree 180 degree  o;~ 1.674% O~ 55 6.~ 55 G~ 58
from zero crossing AE=-20MeV R;;=46.8 mm * 0 3}';,31’ ¥ “;]3:56 K
f=41deg B 0275 MR, ™ 0250 MM

s= 00m 29 m 12.95m 28.14m 38.64m 42.47m 47.043 m 57543m  61.22Zm
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CEe First Beam from RF Gun SwissFEL Injector

March 12, 2010, ~12h10

Faraday cup signal YAG screen image

File Cont Analyze  Utilities  Help 12116 PM
RRCHE A AT IR AR A E TR AT b FISCH _CESCRIS DTALE 35315 135040

e e Dark current

Scales |
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Commissioning phases RS

* Phase 1: Electron source and diagnostics
. quadrupole

% | :i -!f- BPM+screen

« March 2010 to May 2010 t screen
« Characterization of the electron source
« Installation of remaining machine behind shielding wall

 Phase 2: Phase 1 + (some) S-band acceleration
: # AT

*  August 2010 to December 2010 (official injector inauguration 24 August)
« Emittance damping in S-band booster (invariant envelope)
« Jaguar (Nd:YLF) laser

..
i
e

« Phase 3: The full machine
aame +amne" anee +ame =Ttk Wt O

« End of 2010/ early 2011 (installation bunch compressor and X-band cavity)

« Pulsar (Ti:Sapph) laser

Thomas Schietinger (SHE4) SwissFEL Meeting, 2 Juns 2010 p-3
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d_vT-E_[b New SwissFEL gun for test in 250 MeV injector 2012

svimimetrie
REF power
coupler
thiree cell
RF cavity

cooling
channels
Ultra precise machinec
photo cathode
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X-band harmonic cavity

Collaboration between PSI| - CERN - FERMI @ ELETTRA

Klystron from SLAC

Frequency (MHz) 11991.65
Number of cells 72

Cell phase advance 5/6n

Iris aperture range (mm) 4.993 - 4.107
Active length (m) 0.75
Nominal decelerating voltage (MV) 29

Wave guide
TE,o.mode
<

Mode launcher
(coupler)

PSI: Cell procurements

CERN: Assembly brazing
ELETTRA: Wake analysis & support
All: tuning & RF LLE analysis

Matching cells

HFES simulated fields

Electric short on one side

Axial signal output
wave guides

Cell 36 and 63 equipped with WG
couplers for dipole mode monitoring
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5 nJ a few pJ
83.2/5MHz  83.275 MHz ~300 pJ up to 25 mJ

BBO,type | BBO,type |

rTHG 1=-<— I

photon energy [eV]
4.8 4.7 46 4.5 4.4 4.3

. ¥

. laser tuning range
. AE=330 meV

1
Spectral Intensity ja.u)
=2
Y

S
EY

[2)

o

o

o
|

0.2

2000 - P60 770 780 790 800 810 820 830 840 850 860
Wavelength (nm)

770 -840 nm, upto 17 mJ

E 20-100 fs, >0.37% rms
1000

| | | | | | | |
255 260 265 270 275 280 285 290
wavelength [nm]

power density [arb.units]
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SwissFEL preparatory R&D, ||

|
|
|
|
I
G

BC1 BC2

d’Artagnan Athos 0.7 -7 nm

Seed| @
il

un & Booster Linac 1

Linear accelerator

Linac 2

713m

' o “ Aramis 0.1-0.7 nm
|
2.1 GeV @

1
2 A ~A 5.8 I’a‘eV

1
' :
Linac 3

Undulators User Stations
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R Linear space requirements

Active length S-band acceleration 24 m
Active length C-band acceleration 208 m (1/4 of building length)
ARAMIS string of undulators 60 m
Other beam line elements 273 m
Photon beam transport 100 m
Experiment halls 50m
Total facility length 715 m

= No strong motivation for very high gradients

= C-band instead of S-band is motivated by power consumption
and number of RF stations !
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New high power test stand fo
linac module in prepration.
Procurement of C-band
klystron in progress

27 X

~()~ 30MW — 30 MW *'"

le

40 MW
2.5 s

120 MW
0.5 us

3dB

3dB

C-band- Klystron
5.7 GHz, 50 MW, 2.5 us, 100 Hz

SLED
RF Pulse Kompressor

=10 m

348
T30MW — 30 MW {)7

)

v

For RF strucutres, 2 m each (5712 MHZ, 26 MV/m)

Energy gain per module: 208 MeV
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RS C-band pulse compression with BOC

BOC=Barrel Open Cavity

Operating mode: E g, 4
Q: 220000

Coupling: 11
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RS Main linac C-band RF structures

Different cell geometries being studied.

PSI will design, will build and test 80 cm prototypes.
Milestone: Complete first power test before end 2011.

Based on this experience design and procurement
strategy will be defined.

e ——

-
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@ SwissFEL Frequencies in MHz

SwissFEL
frequencies
~European* ~American ,, f,=142.8
S-Band 2997.912 2856 2998.8 (21xf,)
most parts already
_ delivered
Injector

X-Band 11991.648 11424 11995.2 (84xf,)

(4xS-band) | et parts on order, could

still be changed

Main linac C-Band 5998.524 5712 5712 (40xf,)
(2 x S-band ?)

requires development of klystron available

klystron with PSI almost “off the shelf”
presently the only Spring8, KEK, LNF
customer are already

customers

Common sub-harmonic 142.8MHz, minimum bunch spacing 7 ns
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SwissFEL preparatoy R&D, ||
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un & Booster

BC1

Linac 1

BC2

d’Artagr an Athos 0.7-7 nm
Seed
E—E=:>@
: ll ' nl- Aramis 0. —0.7 nm
: 2.1 GeV | — :>@
' 3.4 GeV 5.8 GV
: P !
' Coa :
Linac 2 Linac 3 lyndulators User Stations

713m

Undulator
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ﬂ—i:b Undulator Strategy

hard x-ray: soft x-ray:
SPring-8 small period variable polarization BESSY
small gap circular and inclined
in-vacuum undulators APPLE I
high harmonics standard, fixed gap

Continuous development from SLS ID’s

Ul5, gap > 4mm, length 4m UEA40, gap 6.5mm, length 4m
Undulator Strategy for SwissFEL
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Mechanical design of frame, choice of materials etc... all presently under study.

Thomas Schmidt



(= |Building lay-out

1 RF Module

Linac 2
110 m

Linac 1
112 m

Injector
98 m

ATHOS
Experiments

ATHOS e
Undulators

ARAMIS Undulators
97 m

ARAMIS Collimator (51 m)
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Linac cross section

9600 mm

450

0 mm

6650mm
6050mm
'Y 'y
500mm
I ] A
| 4000 mm
I—'——I 3500 mm
I !
1500mm
- 2300mm
I'o
n % f
3200mm

1560mm

;

3750mm

1200mm
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test stand

250 MeV
Injector
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RS SwissFEL CDR

Official publication 24th August 2010
HAUL SeRERRES BSTITT for Inauguration ceremony of 250 MeV Injector

SwissFEL
Conceptual Design Report




= —-{Jm» SwissFEL posters at this conference

 S. Reiche - Coherence properties MOPC20

e C. Vicario - Photocathode drive laser WEPB14
 B. Kell — Injector BPM commisioning WEPB15

 N. Milas - The Switchyard WEPB16
e B. Beutner — Tolerance studies WEPB17
e M. Aiba — Orbit correction scheme THPAQOS8
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Thank you for your attention !
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