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...SLS in 10" year of user operation: 18 beam lines
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Coincidence arc detectors

= no arc interlocks from RF anymore!

In 10 years we had 200 unnecessary beam losses due to
fake arc alarms!



Optics correction

Comparative study

Results on beta beat correction (x/y, RMS)
(Measurement vs. design model)

QV (tune shift from quad variation) 4.0% / 3.2%

LOCO (fit to response matrix) 2.0% / 2.0%
TBT (turn by turn data) 1.4% / 3.6%

Required BPM synchronization upgrade and
data reconstruction to eliminate turn-to-turn crosstalk.

M. Aiba, Comparison of linear optics correction means at the SLS,
Proc. IPAC-2011 — subm. to PRSTAB IPAC Special Edition



Ul4 CPMU In operatlon

Jan 2011 o Kt e m - ”‘&E_ -3 MHII :

Cryogenic permanent Rl . Ry
magnet undulator

NdFeB at 135 K

Period 14 mm, Length 1.6 m

Minimum gap 3.5 mm
operational 4.0 mm

+ impedance optimized
vertical collimator
(Oct 2010)

E T. Schmidt
= N. Calvi
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U14 flux curves

..... Window = 3.5x0.65 (mm?)

----- L =32.78 (M)

e beam energy = 2.411(GeV)

IR - = S A e L N TS B, Current = 0.4 (A)
"""""""""""""""""""""""""" e,,=5.5 (M), &, =6.8 (pm)

----- B,,=1.38 (M), p,,=1.00 (M)

phot energy (keV)
Phase error < 2.5°RMS forgap 4.6 mm = 50% atn =19



Radiation and vertical acceptance

Radiation level at U14
compared to other in vacuum undulators (4.5 mm gap):
Ul4 @ 4 mm gap: x 5...10; @ 3.5 mm gap: x 25...50

Acceptance definition

vertical collimator and

not orthogonal (An,=196°) at nominal tune Q,=8.74

= losses in Ul4. * — would be better with Qy =9.35 (NLD £)
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SLS Outlook

= User operation
— 2012: commissioning of 19" (last?) beam line PEARL

= Evaluation “"SLS 2020”

— no major upgrade planned (e.g. lattice modification)

— Instead:
optimize interfaces machine / beam line / experiment:

* more work on photon BPMs:
— blade XBPM integration in orbit feedback
— development of residual gas based photon BPM

* Integrated models of machine & beam line

= Maintenance
— replacement of all four RF cavities 2012
— hew BPM system 2014

= Beam dynamics
— vertical emittance minimization — tomorrow’s talk



SwissFEL: layout & parameters

Phase 1, 2012-16 Phase 2, 2017-19

dArtagnan Athos 0.7-7nm

BC1 BC2 Seed%_E<> #
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5.8 GeV -

Gun & Booster ' Linac 1 Linac 2 Linac 3 Undulators User Stations

< 715m

Aramis: 1-7 A hard X-ray SASE FEL.
In-vacuum , planar 15 mm period undulators with variable gap.
User operation from mid 2017.

Athos : 7-70 A soft X-ray FEL for SASE & seeded operation .
(2" phase) APPLE Il undulators with variable gap and full polarization control.
User operation end 2019.

Beam parameters:
E .= 9.8 GeV g, = 0.35 um AE = 350 keV
Q =10..200 pC ek = 3 KA 100 Hz rep.rate



SwissFEL: site & CDR

Update SwissFEL CDR
FAGL SCHERRER INSTITUT Version 03.03.2011 -V19
PSI Bericht 10-04

SwissFEL
Conceptual Design Report

www.psi.ch/swissfel


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

Operation Modes

Wakefield
cleficd 4oy Charge

= Standard operation

200 pC

Maximum FEL pulse energy
Longest FEL pulse length

U

= Strong residual energy chirp
= 200 pC
= Large FEL Bandwidth (>1%)

for single short absorption
spectroscopy & Laue diffraction

PSI, 06.12.2011

S. Reiche

Diagnostic
Limit

Lowest charge operation
10 pC

Short FEL pulse length
Single-spike in soft X-ray

Special Cases

U

Attosecond FEL pulse

10 pC

Strongest compression
Single-spike in hard X-ray

Seite 10




Compression Schemes

e e =

Linac 1 BC2 Linac 2+3 Collimator

= Normal: double dogleg
(slight

AE .
t compression wakes remove chirp decompression)
> \ - -

= Large Bandwidth:

= Attosecond:

double dogleg

over-compression / wakes add to chirp (slight compression)

wakes partially chicane
remove chirp

\ compression \ \ (compression) .

PSI, 06.12.2011 S. Reiche Seite 11
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Non-linear bunch compressor

Alternative to X-band cavity for longitudinal phase space linearization
NLBC

Optics for =0, £1.8%
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higher order multipole magnets

< Linearization and partial (variable) compression
Challenges: tuning procedure & magnet design




Longitudinal optimization

PAUL SCHERRER INSTITUT

How to set up bunch compression?
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Initial longitudinal phase-space: Bto) = 8300 + 201% 3 ___.""“‘"' o
Energy gain in linac section: AEy; = eV costks + @)
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Path length effects of the chicanes: %= Ny = (B b 187+ i) =1, FEL Performance
PHYSICAL REVIEW SPECIAL TOPK'S - ACCELERATORS AND BEAMS 14 014403 2011y zoopc 3kA mode: o
i o i N il b SR it Comparison of the CDR design parameters ~spinizu sl

(Gaussian Profile) with the new optimized
profile .

+ About 3 times more power + =

‘ « Shorter saturation length  +

13102011 EXNL 10 LU M STARL 140 1 01 s e T4 AL

Zagorodnov and M. Dohlus
PRST-AB 14, 014403 (2011)

Pulse energy optimization:
200 uJ (CDR) = >500 pJ
for 200 pC mode

B. Beutner & S. Reiche
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C-band RF system & linac

RF amplifier in

A C-band- Klystron
operation in OBLA

50 MW, 2.5 pus, 100 Hz

40 MW
2.5 us
Prototype in

construction (AMI) RF pulse compressor

120 MW
0.5 us

Prototypes available
348 for OBLA test facility

30 MW ~O—- 30 MW

l 10 m

30 MW —

four 2 m long C-band structures, 30 MV/m
H. R. Fitze et al.

Main LINAC #

LINAC modules 26
Modulator 26
Klystron 26
Pulse compressor 26
Accelerating structures | 104
Waveguide splitter 78
Waveguide loads 104




C-band pulse compressor

; Inneriody

BOC (barrel-open cavity)
for pulse compression and
power enhancement.

Status:
First BOC prototype
In production

Goal:
Prototype ready for
summer 2012



Undulator R&D (1)

4 Mineral cast frame

Outer I-
beam

Vacuum
chamber

Magnet & Kq

Gap drive ial screws

system

Period: 15 mm T.Schmidt et al.



Undulator R&D (2)

Robot for pole height
adjustment




250 MeV test Injector

. Phase 3: The full machlne

Design parameters Long Short
T .. Pulses Pulses
Testinjector Charge per bunch (pC) 200 10
In operation since Core slice emittance (mm.mrad) 043 0.18
March 2010 Projected emittance (mm.mrad) 0.65 0.25
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SwissFEL summary

= SwissFEL will be an unique facility
— Compact: 1 A laser at 5.8 GeV electron energy

— Two bunch operation
to provide soft and hard X-ray simultaneously

= Intensive R&D activities
— Accelerator design

— Prototyping key components:
C-band RF and undulators.

— 250 MeV test injector commissioning in progress.

= Time schedule
— Approval expected June 2012
— Start of commissioning July 2017



