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SwissFEL

4‘ construction phase 2" construction phase N
2013-16 2018-19 Athos 0.7-7nm
user
BC1 BC2 2.6-3.4 GeV DL
(injector}-/{V/ VA tinac 10V V//\{tinac 20—%~(_Linac3 T
K 0.35 GeV 2.0 GeV 3.0 GeV 2.1-5.8GeV pomis 0.1-0.7 nm /
Aramis

1-7 A hard X-ray FEL for SASE with reservations for self seeded operation,
In-vacuum, planar undulators with variable gap.
User operation from 2017

Athos

7-70 A soft X-ray FEL for SASE & self seeded operation .
APPLE Il undulators with variable gap and full polarization control.
User operation from 2019
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RSl Schedule

@‘ construction phase 2" construction phase )
2013-16 2018-19 Athos 0.7-7nm

user
2.6-3.4 GeV stations
Injector Linac 3 M

2.1-5.8 GeV

B

Aramis 0.1-0.7 nm /

Advanced project

funding from Swiss government
economic stimulus finance period Next finance period
package k A A
! | |
2012 2013 2014 2015

component procurement accelerator and ARAMIS FEL

prepatory Accelerator and ARAMIS FEL L
; . commissioning
work installation
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Injector
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q;:b SwissFEL inector Tesf facility

laser beam : &, =270 um, AT=9.9 ps (FWHM), rise & falling time = 0.7 ps
e-beams - O~ 02nC, g, = 0195 pm, I, =224

G. = 840 um 58 pm
S-band LINAC X-band BC TDS2

GUN TDS1 L\
oF L CEES CEES CEES SRS S Mol AT Ao I
[ e l s s | [ s l e ] s [ W s s e - v P y T ‘-_\_I

= x5 3
100.0 MV/m 13.59 & 18.86 MV/m 17.5 MV/m 212MV/im  E=2556MeV 2X5QMs 3FODOE —255.5 MeV. 0. = 1.665%
37.89 degree 0.0 degree -34.2 degree 180 degree  G;~ 1.674% G~ 55 G 5‘5’ o ~58
from zero crossing AE=-20MeV Ry =468 mm x HIL, Oy pum, o, pm
6=41deg By~ 0.379 pmy, Eay™ 0.350 um
s= 00m 295m 1295m 28.14m 3864m 4247 m 47043 m 57543m  6122m
™

Injector-bu
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d;E:h Emittance optimization (uncompressed beam)

Slice emittance measurement (200 pC)

Example measurements projected emittance 600 T ‘ CORE SLICE EMITTANCES/OPTIGS
. ) R _,§harge bx = 13.06-0.30 m
(symmetrized single-quad scan) 500 - '~ ] oxmTs0s 0
. — 7 My=126
High charge (=200 pC): | E 400/ '
x10 x10 i EMITTANCES/ OPTICS = PROJECTED EMITTANCES/ OPTIGS
A = /"'f}‘“‘ . E:isoae; ?elnf \jb-y3=7 ‘11;‘770?[; 38 § 300 ex=320. §nm
g 27 o 2 7 ”x;; | | ax-134.004 | ay-130.005 g bx=13.84.042m
E i _ E {.’ _ \‘ || Mx=1.02 |My-1.00 E o0l i ax =-1.59.0.08
E u. . | E 0 ‘ , W Mx = 1.08
2 5 - 2 50 0 L ! 100k ﬁ :
-zncrma(\:\zed x2 5 -znurma?ized y2 -5 0 ﬁ ' ' ELOG #5602
x10 %10 -0 -8 6 -4 2 0 2 4 6
=~ model — = model t [pS]
o2 4‘ ~— measured 03 \ “— measured ||Data saved at
= 0.25-\ [T & oas| | T7 [ 2012-07-13/MKE20120713T180937 h
S 0 21 5 o | Key steps for optimization:
) & - s"; /|
S I N I B SO . Optimization gun solenoid (incl. corrector quads)
L i 0. S ELOG #5635 ) ) _ _
e L « Orbit correction in S-band structures (wakefields)
. Local correction of dispersion at observation point
Low charge (~10 pC): .
e T e Summary emittance measurements (uncompressed beam):
2 b« =1526+ 023 m by=1282+021m
ax=1855+003 | ay =147 £+ 003
. ML My Measurement O\aser € x €, simulated £n,required
i H [mm] [um] [um] @undulator
5o 3 [um]
) N N r— High-charge mode (~200 pC):
T e 7 ematneny projected: 0.21 0.38 0.37 0.350 0.65
W T— — core slice: 0.21 0.25 - 0.330 0.43
b g _ Low-charge mode (~10 pC):
E ) : projected: 0.10 0.16 0.18 0.096 0.25
core slice: 0.10 <0.15* - 0.080 0.18
P twemeningex U ateswementindex ELOG #7441

*measurement limited by signal-to-noise ratio
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RS Injector schedule

2012 2013 2014 2015 2016 2017
A HIR
. E W . operaton
Injector test facilty S WN S for
g8 2. .
Beam development and component tests E—W\\\ = \§§§§§\ i friendly
W\ S users
W&W 8 v
i A
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Linac

LINAC 1

Bunch Compressor 2 LINAC 2
. .

A
Y \Ve I

TW Cav. C-Band
Wwr1e2m
27 MVim Aroca Skew Quadrupaie
05m
Elctro-Opticod 3 15 Diffraction Radiator
Samping Pulsed Kicker
0.5 m; Imrad vertical
r | A
= 1 ml — 1
98m o 182 m
o981m Hd‘am 193 1m 2096 m 2646 m
8PM1E
aro 20 Tim) TV Cav C-Band
e 192m* 16
015m 278 NVim
LINAC 3
Quadrupole TW Cav C-Band
Septum Magnet oFp (20 Tim)  Collimator 192 m
1Sm2" Aper 22 mm 013Tm  27.5MVim

015m
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d_;T—E:_ SwissFEL C-Band Linac Module

= 2 GeV in 9m with one klystron

LN - ‘t
BN\

- . :’II.
: v‘) : .i‘;:_

Toshiba E37212
5.72 GHz, 50 MW, 3 pus, 100 Hz
with high T collector for heat recovery

4x2m
C-band structures

compressor |
W A

13

) ';,,a /
) S ML
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d;E:_ C-Band Structure

J-Coupler input €&22

113 cells

e Qg

Cut drawing

/ J-Coupler output

cooling
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First SwissFEL C-band cavity prototype successfully tested

RF designs
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o = Results C-band short prototype structure high power tests

@ iris rep. -
Test # bake- I:)in Eacc Tpulse f break
structure rate | down | Bgy
cells mm out
# MW | MVim | ps Hz | prob.
1 11 14.6 yes 43 335 | 0.35 10 | 8107 | 68
2 11 14.6 no 50 36.0 1.0 100 | 3106 | 68

3 11 11.2 no 49 0.8 100 | 14106 | 45

SWISSFEL | s | 465112 | no | 28 | 280 | 035 | 100 | 110%
nominal

Testin
progress
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RS RF structure assembly robot
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@ T jm New brazing furnace for 2m linac structures
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e -[-{jm Assembly & brazing set-up for series production

>
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RSl Undulator lines

MOPD37,
N. Milas, S. Reiche,

“Switchyard Design: Athos” TUPD21

. E. Prat, S. Reiche, D. Dunning,
e i “Self-Seeding Design for SwissFEL”

—]
200 pi; 10 Hr; 3.8 GeW

A=0.7-T7nm
15 fs; 100 Hz

Hortzontal - 02 | =
_ B RF € band Structures = E B = Bmm  Quadrupole: OFF
Dipole (AFBC3) -2.5° To vary energy 26 to 1.4 GeV ol L starts hers ol gt PR
1.9 m/ Strue; 265 MV/m 1=Mogulstor & 2=Modulator & < Modulator 116W; 3604
Switch -Yard Athos Energy AFBC2 {-0.57) x AFEE (-2.07%) 2 AFBC2 (0.25%) a
=
Collimator
% | ][l i I ST T | Wassr 1| W 1| WX Waiw N W X Wi X Woar X W X Waawr 1| Waaw X W) WY,
w e 1AL o | i L G {11 dive "n} ; A
BFMIE R l 1 1
A l Athos Line 38m l l
) ) I o 33E m m 388 m 418 m 426 m
Dipale [AFBC3): i Transwerse Collimator 25-3.4GeV UE4D Undulators: APPLE Il 4845 m  485m
2: 304 m 0 £ap 6.5 — 24 mm; K= 3.5- 0.9
i A, =40 mm;; L=60m
e *———  Cormectar Dipole AFL
Di (Wertical Dispersion)
(AFBC3): 1°
Quad QFD
Sextupole =5 L=0.15m Quadrupole: QFF )
HFB e Aramis Matching Lop =008 ;[ Ky | =188 2 Aramis Light
N Ararnis Energy Collimatar Oz GFM: BAM z'ZE’ss'm
\ AL Dlpole Aoy L,03m Profile manitor Alignement Ouadrupele OFU =108} -TA
o - "\f f 5 - 30 f5; 100 H2
4
1
AN G Linae 3 0
Chand {52x 2 m) l
285 MVfm, 0¥ P SEm
Dipodes chicane Corfectar £ Aramis Line
Lo, e =0-5 ;13 ISI:TWIE = BPME U15 Undulatars
Septumn Magnet: 431 m H gap3.2-5.5 mm 558 m 566 m 591 m
15mlang; 22 Corrector ﬁi 451 m; L=3 AL=15mm; K=12: L=60m Beam Duma
273 m Ouadrupale OFB Beam Stopper =
P =46 TW
Skew Quadrupoles Vrtiaal « &

THPD19,
R. Ganter, M. Aiba, H. Braun, M. Calvi, A. Fuchs, E. Hohmann, R. Ischebeck, H.

Joehri, B. Keil, N. Milas, M. Negrazus, S. Reiche, S. Sanfilippo, T. Schmidt, P. Wiegand,
“Technical Overview of SwissFEL Undulator Section”
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@ Ul5in-vacuum undulator for SwissFEL

THPD64,
T. Schmidt, M. Calvi,
“SwissFEL U15 Prototype Design and First Results”
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( Undulator frame at Daetwyler facilities
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d;E:b short prototype

R R R T T T
f ¥ 9 1999

I 4 1 | | ey

|§~l4-‘ e s R R R ARARA AL ALAREE

4 npg i } -

THPD63
M. Calvi, T. Schmidt,
“SwissFEL U15 Magnet Assembly: First Experimental Results”
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[ 1005m

L 95m

50m

Aramis Beamline

v:umraa \ ! !
=T =

Large off set \‘

Monochromator ‘

4 Bounce
Monochromator ‘\
)\

60 mm

60 mm

AR2: Offset
H: 0 mrad
V:-6 mrad

or
X-ray Delay Lij

H: 8 mrad

Beam stopper

Collimator

Beam profile Monitor
Intensity and
position monitor

AR2: Offset Mirror 1
H: 0 mrad

V: 6 mrad

AR3: Offset Mirror 2
H:4 mrad
V: 0 mrad

ART1: Offset Mirror 2
H:-6 mrad
V: 0 mrad

ARS: Offset Mirror 1
H: 4 mrad
V: 0 mrad

Vacuum valve

ART1: Offset Mirror 1
H:-6 mrad
V: 0 mrad
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d_;T-E:b ARAMIS Endstations

2017 2017 2018 201X
ES-A ES-B ES-C ES-O
Multi-purpose Pump-Probe Coherent “Others”
Pump-Probe Crystallography Diffraction
Imaging

Mirrors

Exp. Hutch 1 Exp. Hutch 2 Exp. Hutch 3
. Double crystal monochromator
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High power THz source for experiments

Thal

>30 MW and ~ 2 ps

Laser based instead of accelerator based

Klystron

es TH2100(7) LLRF Pulsed amplifier CDhErEHFTr

200W — 2998 .55 MHz

kv—__ A

sz (THz e = 200 Mv/m: 1 TT'“*

©
L Phase Shifter

Gun Solenoid

(Lan=2

22 MW for 100
WV m

80mm, 1.759 mT/A
387 mT max.)

60mm, Aperture =

Oscillator

PPTmodulator

from LEG
\1 v

Sband structure: 5.2 m, 2r/3, 156 Cells

10 MY/ m; - 202

Laser: Ti:sapphire
(Oscillator + Regen)
1-4 ps; 200 p; 266 nm;
4rmm FW; 100 Hz

CTF3 Type Gun, SW
242 cell; 100 MV/m;

01-3nC; 10 Hz

Electron Beam:
50-60 MeV;<5nC
10 Hz; o, < 200 pum (500 fs)




APPLIED PHYSICS LETTERS 99, 161116 (2011)
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‘-"_ — b Strong-field single-cycle THz pulses generated in an organic crystal

Christoph P. Hauri,"** Clemens

Ruchert,! Carlo Vicario,' and Fernando Ardana'?

'Paul Scherrer Institute, 5232 Villigen, Switzerland
“Physics Department, Ecole Polytechnigue Federale de Lausanne, 1013 Lausanne, Switzerland

DAST : 4-N,N-dimethylamino-4’-N"methyl stilbazolium tosylate

strong optical nonlinearity, low absorption

(a) PM

Delay

pumi I
DAST Low
Pass filter

G(perimental results \

Recorded peak E field >1.2 MV/cm, B>0.35T
spectrum <5THz centered at v.= 2 THz
close to single cycle

THz pulse energy up to 45 uJ
Good shot-to-shot energy stability (rms 1%)
Energy up-scaling feasible

K(Iarger crystal, more pump energy) /

IR-THz phase matching require
1.2-1.5 pm pump (OPA)

FROAO04,
C. Hauri, F. Ardana-Lamas, M. Divall-Csatari,
A. Trisorio, C. Vicario, C. Ruchert

‘New Laser Developments for

Pump-probe Experiments at SwissFEL”

THz electric field [a.u.]

-
it
T
P

spectral power density [a.u.]

[
=

i enananan S BN
0 1 2 301 2 3 4 56 7 8

1T ' 07T 1T 17T 1 F°*

time [ps] frequency [THz]
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d_;T-E:_ SwissFEL building

The SwissFEL Building Site

The two passages for wild game crossing.

e
On the first floor the

RFmodulators and other
supply systems
are situated.

[ P
Photon Beamlines,

Experiments
and Preparation Laboratories

ARAMIS Undulators

Situation of SwissFEL next to PSI campus

< | QT
am N
- o.. o 111
Linear Accelerator o WI g =

Y N

N -
,\0?_«\ Q ve ’ \\‘ S B

. / Q%
Injector / ,’,'m, =
PSI campus * / i’ N
. . / SwissFEL \’(
Swiss Light Source / _____._—--——'- ~ /0 Y,

Central Control Room & i D/ \Q



PAUL SCHERRER INSTITUT Ground water well for cooling water,
RS first civil work for SwissFEL
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o Energy recovery for SwissFEL

Heizungs Netz 34/28 °C

&

Klima Kuhinetz 17/23 °C; 1'700 kW

f Maschinen Kuhinetz 34/37 °C; 1'500 kW Osmosewasser

? WRG- / Kuhinetz 58/80 °C; 2°200 kW Osmosewasser

A 1
-

_* — | — 1l e Warmenetze
26:2°C = PSI Areal Ost
9 - P ) HT o 2o Rﬁckspeini;;s: REFUNA
“| | Toshiba E37212 —
21 | klystron with high T collector -
i developed for SwissFEL | =
@

Heiznetz 34 /28 °C
— EH
Y] A
L3
&  WRG-/Kuhinetz80/58 °C
Klystrons L A

S-+ C-Band 29 22 8

30 Collectors &

-max  7BKW l T

~Betrieb: 58 kW S " Femieitung zu PS| Areal Ost »| WarmenetzPSI

Potenzial nutzbar=51000 MWh'a 75°C
80°C I— nur wonn Abwdrme g .
nicht genutzf wird Jahrficher Bezug von Refuna 9'600 MWh/a

effektiv nutzbare Warme in Abklarung

30°C

Grundwasserkarte Warmerickgewinnung
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RS SwissFEL papers & talks at FEL'12

MOOC02

S. Reiche, E.Prat, “Growth Rates and Coh. Properties of FODO-lattice based X-ray Free Electron Lasers”
MOPD36

F. Le Pimpec, A. Adelmann, S. Reiche, R. Zennaro, B. Grigoryan, “Dark Current Studies for SwissFEL “
MOPD37

N. Milas, S. Reiche, “Switchyard Design: Athos”

TUPD21

E. Prat, S. Reiche, D. Dunning, “-Seeding Design for SwissFEL”

TUPD27

M. Aiba, M.Boge, “Beam based Alignment of X-FEL Undulator Section Utilizing Corrector Pattern”
TUPD28,

B. Beutner, “Bunch Compression Layout and Longitudinal Operation Modes for the SwissFEL Aramis
Line”

THPD19
R. Ganter et al., “Technical Overview of SwissFEL Undulator Section”

THPDG63
M. Calvi, T. Schmidt, “SwissFEL U15 Magnet Assembly: First Experimental Results”

THPD64
T. Schmidt, M. Calvi, “SwissFEL U15 Prototype Design and First Results”

FROA04
C. Hauri, “New Laser Developments for Pump-probe Experiments at SwissFEL’
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o = New release of design report, April 2012
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PDF at

SwissFEL WWwW.psi.ch/SwissFEL
Conceptual Design Report

PSI Bericht Nr. 10-04
April 2012



http://www.psi.ch/SwissFEL
http://www.psi.ch/SwissFEL

