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FALZ7  PAL-XFEL Status

110 GeV Energ HU1E:SCMDP: 0.l nm SASE-FE HU1E:SCM36:
X 285 . 2047 s

Apr. 2011: PAL-XFEL project started
Apr. 2016: Commissioning started
Jun. 2017: User-service start

(120 days for user, >95% of availability)







227 PAL-XFE

L Status
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Apr. 2011: PAL-XFEL project started
Apr. 2016: Commissioning started
Jun. 2017: User-service start




FALZ7  PAL-XFEL Parameters

30A 300A 3kA
2 ps 200fs 22fs
HX undulator (HX1)

Heater BASO BCI BASI BCZ BAS2 BC3H BAS3H  (.25.12.8 ke\V)
» e 4 » . ;

| |- 10 Ge‘u"

Gun 1 3 . DF2H
XLIN T SX undulator (SX1) dump

(-0.3-1.2 keV)
[

35 F25 "
- e BASIS  315Gev W
dump
Main parameters
e” Energy 10 GeV Wavelength [nm] 0.1~0.6 1~45
e Bunch charge 20-200 pC
4~1 1
Slice emittance 0.5 mm mrad ORI (SR [(SE] 0 315
Repetition rate 60 Hz Wavelength Tuning 0.6~0.1 4.5 ~ 3 (energy)
Pulse duration 5 fs — 100 fs [nm] (energy or gap) 3 ~ 1 (gap)
Peak current 3 kA Undulator Type Planar, out-vac. Planar
illmzeniaiig 2l Undulator 26 /8.3 35/8.3
Kicker (Phase-2) Period / Gap [mm]

X 3BC improves FEL power stability and phase tolerance



FAL7  Contents

= Extremely useful FEL for time-resolved experiments

= RF timing distribution and Optical laser synchronization to
RF reference

* e- bunch arrival timing jitter and Pump-probe timing jitter

= Recent stability upgrade of modulator system

* FEL operation without X-band linearizer



‘%? Extremely useful FEL for time-resolved experiments

« Pedestal free pulses

F‘?iln%'fkev_correlation Plot-HL3B_COL_MV2_m3.VAL-2017-09-19-205614
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FEL intensity (arb. unit)

* Low timing jitter between FEL and optical pulses
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Injector Laser

RF components
In Linac

xperimental Lasers

_ for soft X-ray
Experimental Lasers

for hard X-ray
And diagnostics
(bunch arrival time monitor)

DRO Phase Noise (free-running): Low p ha se no I se DRO
MultiView | GPLDRO2856 |
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Signal Level 15.94 dBm XCORR Factor 20
Att 0 dE_ Meas Time ~12 s
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XCORR 20

RR 2000 *CO
Frequency Offset

1 Residual Calculations

Range |Trace| StartOffset | Stop Offset | Weighting |___IntNoise | PM | FM | Jitter |
1 2 10.000 Hz 1.000 MHz -48.63 dBc 0,30 #/5,23 mrad 2.076 Hz 291,632 fs
2 2 100.000 Hz 1.000 MHz -67.96 dBc 0.03 °/565.69 prad 2.073 Hz 31.524 fs
3 2 1.000 kHz 1.000 MHz -99.80 dBc 0.00 °/14.47 prad 2.071 Hz 806.447 as
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Vi PAL-XFEL timing distribution (2.856GHz RF)

30A 200A TkA 3kA
2 ps 300fs 60fs 20fs Beam abort HX 1

Self-seeding

dum
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Vis- "4 Temperature stabilization of RF Cables

Duct cross-section With cover open

450 .
Outer steel duct

Inner aluminum duct

2856M;l:zz47*"""Hz Optical fiber
2@ o

230

Cu pipe
| Thermal insulator for water
LCW flow diagram
~30m RF cable
¢ t |
X X %% X X Cushion
= — T — o -~ Water tube
— = == === = Metal sheet
4 11 Thermal
- %lﬁ Ll %I insulator
I: I |+ L Cover

Temperature stability of Duct : 0.01°C/day



227 Phase Drift monitoring using drift-free optical link

0CX0 ~750 m
476 MHz
DRO/PLL
856 MHz

\/

DRO/PLL
856 MH

8 -way pan-out 8 -way pan-out
Ay AR RRRAY
Optical fiber LLRF
E/0 - 0/E l;»
e Libera Sync3 ———— 10 fs rms jitter




FALZ Time scale of timing error in reference timing distribution

100 Seconds 10 minutes ~1hour ~Tday
10.2 fs RMS| 1148 fs R 15 | v24.8 fs RM
] |
- 275 fs RMS
1000

Jitter (ff RMS)

Measurement |

limit 100 1000 10000 100000
Time (Seconds)




27  Photocathode gun - e- bunch arrival jitter

Mod in
\ 4

Laserin

Home-built sensitive phase detector
Between RF and optical laser
Sagnac loop (2.856 GHz) (79.33MHz Ti:S)

Provides 10 fs level jitter

Laser out

B-A=A/2

.« Gun RF amplitude stabjlity
for one|day

RF system adds ~10-4 amplitude jitter
~10 fs timing jitter

w2 0.007~0.012% RMS




27 Beam arrival time jitter at gun

Monopole S-band cavity (phase cavity)

\ 4

“| e- Bunch Arrival Time

2.83 GHz RF 2.83 GHz RF Measurement
476MHz RF Osc. ' §

\ \
2.856GHz RF Osc.

Kly 79.33MHz optical Osc.

U \\\\\ /[ U Pump/probe Jitter ???

Gun Phase cavity *C  Und. Phase cavity

... GUN, ~11 fs rms




227 Beam arrival time jitter at gun and undulator end

e Bunch Arrival Time

2.83 GHz RF 2.83 GHz RE Measurement
476MHz RF Osc.

2.856GHz RF Osc.

79.33MHz optical Osc.

hv
U \ \ \ 5 5 / |:| Pump/probe Jitter 22?
Gun Phase cavity ¢ Und. Phase cavity
3114 GUN, ~11 fS rms . 'Ihour
= Thour
.. Undulator end, ~19 fs rms HU1E:BAM:MO1:Rms1




OXC (Optical laser & XFEL Cross-correlator) .
at EH1 (XSS) | SiN Membrane holder

Fast photodiode
(30ps rise)
YAG:Ce
Pin-hole (100 pm)
SiN 500 nm
SiN (1 ym)
SiN (2 um)
. XFEL : 30 Hz at 7 keV
CCD spectra (single shot
LASER pﬂ____(w Wg - .),,,,,, Laser: 60 Hz
m T IR T E‘_mes!amp_oﬁit
25 mml/ /m‘ Quit goors:
< |‘ - Exposure Time (secs)| @‘;7‘ Plutc.
ok \‘ Graphical Results| tempsccture sevalue ,)T 50 :::;=
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Optical Cross-correlator e
Dr. Eom




=7 FEL timing jitter

FEL/optical laser e- bunch arrival time
cross-correlation at undulator end -

— 100

100

a 1000 2000 3000 4000 5000 G000
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2 2
S 200 e R S 200 i
o 183 fs RMS & 20 fs RMS
‘B 200 ‘B 200
3= 3=
100 100
a a
-100 -50 L] 50 100 -100 -50 a 50 100
At . At 3
Optical laser synchronization jitter BAM instrumental jitter

Added ~10 fs Added >10 fs



BPM-x [mm]

i E-beam it
2L -beam energy jitter
100 fs drift /103 energy change at BC2
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Vi With updated modulators

RF-stability ( 2018-04-17 18:47:19 )
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FALZ Future directions

® FEL operation without X-band linearizer (or using less power)

At linac end

40 fs FWHM

>

t

E

700 pJ
(6.7% RMS)

FEL pulse energy (m))

® Timing diagnostics (and feedback)

0 1000 2000 3000 4000 5000 6000

No. of shots

using Local timing oscillators for Both BAM and laser pulses

o

RF timing local oscillator ( ~ | Optical timing local oscillator

Timing stabilization
and PLL

 BAM

— LAM |




FALZ  Summary

» PAL-XFEL and optical laser for exp. shows sub 20 fs
jitter performance at the measurement time scale
of pump-probe experiment( ~10 minutes).

» Predominant timing jitter(or drift) is correlated to
energy jitter at BC2.

» With updated modulator system for L2, timing jitter
estimated to ~10 fs

» Plan to add timing diagnostic tools to tightly lock
FEL and optical laser pulses



PAL

7214 fs residual phase jitter from 1 Hz to 100 KHz
Out-of-loop measurement '
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