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BS Layout and Parameters of SwissFEL

Phase 2: 2017-2019

BAM 6 . BAM 7
%= 3.8m, z =342.9 m, g;:’:d"(';:‘z":g} %= 3.8m, z =493.6 m,
: - E =2.98 GeV, . E =3.41 GeV
Phase 1: 2015-2016 ) _)_(Pziﬂr::";o Athos Undulators
R (nom)=-55.1 mm R, (nom)=-20.7 mm Alhos Linac
e =3.82 AG=0"..45° AB=0.3.7" Switch 0.7-T nm, 100 Hz; 360 pJ
BC 2
= 4 = " 4 . - B . -
Gun Booster 1 Booster Linac inac 2 R, (max) = -10 mm Linac 3

.............

100 v (2x4 m) C band (36x2 m) € band (16x2 m) Energy tuning mtt:'?glf:]]a:%nmm Aramis Undulsters Ii:-;-:ﬁ-
517 from 0-cr. 14/16 MVim 26.5 MVim, 19.3° 27.5 MVim, 0° rf;;;ﬂﬁﬁf;:“r’“go R /(as mode) = 4 mm 5-20 fs; 100 Hz; 150 jrJ
BAM 1 BAM 2 BAM 3 BAM 4 BAM 5
z=13.5m, z=62.5m, z=192 m, E =2.1 GeV z =450.6 m, E =5.86 GeV z =594 m, E =5.86 GeV
E =124.7 MeV E = 330.1MeV
< 594 m (Injector+Linac+Undulators) + 125 m (Experimental Hall) >
Design parameters of the two beamlines

e Charge: 10.. 200 pC » Wavelengths: 1..7 A (linear polarization)
« Beam energy for 1 A: 5.8 GeV 0.1..7 A (linear/circular polarization)
» Core slice emmittance: 0.18 .. 0.43 mm.mrad * Pulse lengths: 0.06..20fs
e Energy spread: 250 .. 25000 keV (rms) » Peak brightness: <1.3-10% phot/s:'mm?-mrad?0.1%BW
* Peak current at undulator: 1.6..15KkA
e Bunch length: 0.3..25fs (rms)
e Bunch compression factor: 125 .. 5000
* Repetition rate: 100 Hz, 2 bunches @ 28 ns

Vladimir Arsov,  International Beam Instrumentation Conference, IBIC 2013, September 16 - 19, 2013 Seite 3



PAUL SCHERRER INSTITUT

sl

BAM Detection Principle

pick-up signal

Pickup in the accelerator tunnel

b

Opto-mechanical and RF-front-end

in the accelerator tunnel
Ij = 1- B T

467 ns sampling

(214 MHz)

Data Acquisition (e.g. GPAC ADC12FL)
in the technical gallery

*Florian L6hl, DESY-THESIS-2009-031, March 2009
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-I9)}= Layout of the Optical Synchronization and BAM
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Highly Stable RF-Based Phase Detection

: PID |
:| Controller

Forward | Reverse
-

Ultra-low drift RF -
——| Phase Detector and
: Photoreceiver N

Link Front {igh level control
End
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e Highly Stable RF-Based Phase Detection

Optimized Detector and Photodiode Performance
* Peltier-stabilized phase detector (stability < 0.01° C)
e Useof T° -insensitive cables

Link

Forward | TEC1-Stabilized _ Photocurrent to EDFA » Fused fiber-optic power splitter with equal length arms
(0] S omeeert i « Specially selected and T° stabilized PDs
ta L et s PD Operation at vanishing AM/PM conversion (sweet spot)
TEC2-Stabilized | phase detector f—>—_ » Amplitude stability (forward/reverse) kept<0.1 dB
_ Ty e _/phomcumm pesiaseIB e T° stabilized amplifiers, ceramic BP filters
Lk ] K > | monitor Revens y Phase control: mot. delay line (330 ps) / fiber stretcher

to piezo / mot. delay

(19 fs/V — compensates 3.4° /12.2% RH)
Amplitude control: EDFA 1 in the BAM-Box

Design and realization: S. Hunziker

Laboratory test HF signal (no BAM, no EDFA):

Harmonic extraction from fs pulse train: ags
Power dependent timing drift sensitivity < 10 fs pk-pk Stabllltv
60.000
\ ENSNENEEEEEEE (Thursday 21'" Oct. 10:40 to Friday 22'" Oct. 10:40)
50.000 red: PD#1 2
40.000 \ blue: PD#2
\ ; 15
s \ (Discovery DSC50S)
£ 30.000 \ ‘ ‘ ‘ ‘ ‘ ‘ 10 2.1f:
E ﬂ|= ATS
= 20000 '\\\ T s I . | (@4h, 0.1hz sampling)
< \\ vanishing AM/PM conversion, £ ' :
< 10.000 A\ ~ . s 0
g N AT zero drift (“sweet spot”) g . | Al
0.000 \é/ £S5 i i f +—averagea |
X y i 1min.
o / 0 over imin
-10.000 BT S .
-20.000
046 062 0.82 110 146 195 2.60 347 4.62 6.17 822 10.96 14.62 -20
b MW 0123456 7 8 910111213 14 1516 17 1819 20 21 22 23
in,opt time [hours]
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==  Highly Stable RF-Based Phase Detection

051

051

Phase detector error signal, V

MDL Link1 S-curve scan
Zero crossing delay: 265.4670 ps
Calibration constant: 86.43 fs/mV

T T

Phase detector error signal slope: 86 fs/mV

Amplitude FB monitor signals

1 1 1 1 1 1 1 I
180 200 290 240 260 280 300 320 120813 13!0]31’13 1310813 13/08M13 131’0]81’13 1310813 13/08/13 i 1300813

dalay, ps sosal
Link power stability (forward):
Mean: 205V 2081
Ripple pk-pk: 15.6 mV 20mf |
Link power stability (reverse): o
Mean: 2.05V P
Ripple pk-pk: 27.6 mV i

Time
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BAM-Pickups

RWG: N,S. W, E

Button: NW, SE, NEI SW Y
S S & o 4
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— _l o — l — e
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BS BAM Button Pickup: charge dependence

Q, pC
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The Resolution is limited through:

- Bandwidth of the pickup feedthrough (DC..20GHz, Meggit PN853872)

- Bandwidth of the EOMs (12 GHz)

- ADC resolution (12 bit), AC-Coupling
- Missing Signal Conditioning Front-end (DC-Offset)
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BAM Button Pickup: orbit dependence

Button: NW - SE
Cables to combiner: group delay compensated, ~50 fs accuracy

N (XY

NW

N Y
X, - SE
(X,-Y) | .
«

-©-button on EOM2 (normal), scan (-x,y)-(x,-y), 195pC

“7button on EOM2 (normal), scan (-x,-y)-(x,y), 195pC

-&-button on EOM1 (swapped), scan (-x,-y)-(x,y), 200pC

-8-button on EOM1 (swapped), scan (-x,y)-(x,-y), 200pC

o button on EOM2 (normal), single ended, scan (-x,y)-(x,-y),
138pC; slope:105fs/%mod/mm
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BS BAM: drift measurement

500
& g
)
E
© ¥
= <500
-
©
-1000
w150
Eg
@ 2 100
E
=3
ST 50 -
£ 2
° ] | | —arrival time‘jitter, fs —BAM resolution, fs_|
23:20 00:53 02:26 03:59 05:32 07:05
time
beam parameters (average): 130 pC, 245 MeV, ~3 ps
BAM resolution (average): 20fs
Bunch arrival-time drift: 410 fs
Jitter: 110 fs (rms); 150 fs (peak)
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BS BAM: gun phase scan

Bunch Arrival-Time Downstream the Bunch Compressor:

Atbeam — GIaser ’ AtIaser + Ggun ) Atgun + O2 (GACC ) AtACC )
dt dt
_ beam __ (S) beam
Ggun = —dt =27 —d
gun ¢gun
time
(s) _ 10000
f ) = 3GHz Io&16
05:16
Otearn =310 fs/deg "3 5000 - 05:15
dog,, E - 105:15
© - 105:15
=
= Or t105:15
05:14
05:14
- ! I ! ! 1
509 20 -110 -100 -90 -80 -70

Gun phase, deg

=> Gun phase contribution: ~34%
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BS Summary and Outlook

Milestones: - 1 BAM operational downstream BC I
- 2 bunch operation []

/‘ { Resolution, charge: 10 pc: <10 fs [

Implementation of one BAM-Box upstream BC :
40 GHz Cables and Components
40 GHz EOMSs

Implementation of 40 GHz pickups:
Reduced ringing
Operation below the cut-off of the X-Band

Improved Readout: - GPAC 16 FL, 160 MHz, 16 bit,
- Increased sample length;
- DC coupling
- signal conditioning DAC (in progress)
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Thank you for your attention!
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