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Experimental halls and end-stations at PAL-XFEL

PALJ?

Hard X-ray experimental hall

Vertical ground motion

Hard X-ray laser floor

v

: amplitude = 94 nm (rms)
r Velocity = 7.6 um/s (rms)]

Experimental hall
: amplitude = 7 nm (rms)
Velocity = 0.4 um/s (rms)

4 10 100
Frequency (Hz)
Velocity Detail size
Criteria (umis) (um) description

Suitable in most instances for demanding
equipment, including many electron
microscopes (SEMs and TEMs) and E-Beam
systems.
A challenging criterion to achieve. Assumed
to be adequate for the most demanding of
sensitive systems including long path, laser-
VC-E 3.12 (125) <01 based, small target systems, E-Beam
lithography systems working at nanocmeter
scales, and other systems requiring
extraordinary dynamic stability.

VC-D 6.25 (250) 0.1-03

* Detail size : line width of microelectronics fabrication

** Reference: Vibration criteria for research facilities — Colin Gordon & Associates, USA
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Laser system specifications ;P AL;?

Hard X-ray Soft X-ray
Ti:Sapphire Oscillator Rep. rate 79.33 MHz synchronized to Master RF (S-band)
Acenter 800 nm
120 Hz 1080 Hz

Rep. rate (max)
Synchronized to Event timing system

Regen. Amplifier Pulse energy

g 12md 7md
after compression
Pulse duration <35 fs or 100~130 fs (dual) <35fs
Beam size ~15 mm ~10 mm
(1/e2?)
Special feature CEP stabilized

400 nm (SHG, <35 %)
266 nm (THG, <15 %)

Harmonic generator

Wavelength Optical pump 800 nm, 3.5 mJ, ~100 fs 800 nm, 3 mJ, 35 fs
conversion parametric
amplifier Tuning
(OPA) range 240 nm ~ 20 um 240 nm ~ 15 um
High harmonic generation . <100 eV
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Hard X-ray laser systems and transportation (laser room) :P A,LJ?

Laser clean room
(2F)

Regenerative

Regenerative
Amplifier

Amplifier

and measurements

Optical tests

Optical tests
and measurements

| ow ] -
- |
afety .

shutter™

Ti:Sapphire amplifier systems at HX laser room

Beam transportation
to NCI hutch

Beam transportation to XSS hutch
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Optical laser for Hard X-ray end-stations (XSS end-station)
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Target for light sources at SX beamline

Femtosecond Optical laser

800 nm and its harmonics
Optical parametric amplifier
(UV~IR)

0.1~4.6 eV

* Core level spectroscopy

)

Soft X-ray FEL

0.3~1.2 keV

* Time-resolved photoelectron spectroscopy

* Detection of a wavepacket on a dissociative state

* Two-color experiments

: photoelectron spectroscopy, pump-probe, etc..

PAL 7
‘/F

Laser driven EUV source
10~100 eV

Wavelength
100nm 10nm 1nm 0.1nm=1A
I I I
VUV = vacuum ultraviolet
XUV =extreme ultraviolet
| | | |
10eV 100eV 1keV 10keV
Window cutoff Photon Energy

(LiF 104nm)

continuum

1 valence

levels

. core
levels
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Soft X-ray laser systems and transportation (laser room) CP AL—'J?

Evacuated
beam tube
&
CEP
(Oscillator) £=-500
CEP
(Regen.) T =750
3 N .
Regen. amplifier K iRAES \ ‘ f
e E (800nm, 7mJ, 35 fs) i e fll o \ / '
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Internally compressed pulse 3
forlaser room use 4
3

Beam transportation in the SX laser room

Ti:Sapphire laser system in the SX laser room
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Soft X-ray end-station
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Soft X-ray end-station (Hollow fiber compressor)

Input pulse (1.28 mJ at 1080 Hz)
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Timing synchronization scheme (for Hard X-ray) :P A’;J?

Line freq. 2856 MHz imi
AN m <Timing rack at HX laser room>
360 Hz 119 MHz 476 MH
.. .. z
Event timing RF timing (from timing link)
system link
1.-+4| | 2.856 GHz
T PtoNSasérsystem. -
360 Hz 476 MHz Line )¢ 3 :
Event NN on e ¥ ‘ 2
RF ' ,
' n
. 1
' Event .
: Reciever DRO : El
: on 2856 MHz Caviry . Evet‘lt celver( VH)
] z ]
' Feedback] |,
n . - n
Ext.Trig. in 79.33 MHz
. Ti:S hi Ti:Sapphire B .
: 1:9apphire Oscillator Seed '
: Amplifier output output PD .
. system '
: Amplified RFin 79.33 MHz 79.33 MHz .
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Dielectricresonator oscillator (DRO)
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RF - Laser locking

<Schematic description>

— LASER ROOM

-4~4 dBm

(Photodiode)

-20~10dBm
Laser Ref IN
(Photodiode)

+20 dBm BP2 :396.67 MHz (79.33 MHz x 5)
2856 MHz
REFIN

BP1

BP2 BP1

BP1:198.33 MHz (79.33 MHz x 2.5)

A

Sagnac interferon

Sagnac output

476 MHz
from Timing

room

Stabilized RF link

-—

Phase Noise at 2.856 GHz (dBc/Hz)

PAL 7
‘/F

BOM-PD electronics . .
& Piezo controller PID controllers  Piezo driver

interferometer-
N \ L v L

*

~14 fs (1Hz ~ 100kHz)
residual phase jitter
(1Hz ~100kHz,

Out-of-loop measurement)
Locked Ti:S

Vd
Residual

Measurement
noise floor

00
10° 10" 10* 10° 10* 10° 10° 10’
Offset Frequency (Hz)
Work by Dr. Changki Min at PAL
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White
light XFEL
continuum
(~3ps
time window)
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1. Spectral encoding (Time window is on the LASER)

Normalized Bi(111) intensity

Timing diagnostics between XFEL and optical laser pulses

2. Spatial encoding (Time window
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is on the XFEL.)

PAL 7
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M. Harmand et al., Nature Photon. 7 (2013) 215.

298

-0.5 0

8th XFEL collaboration meeting

h/H"«M"‘*’Wl
Ch

cS6 098 100

Puxel
0 250 500 750 100¢

t,=24622

t,=70+2

s

Tohes

{,=-101=2

M4

'
309 40C 530 &)C 7CO
Fisel number

—_—
04 02 0.0-02-04
Time (ps}



Timing diagnostics between XFEL and optical laser pulses ‘PA,"J?

XSS beamline instruments at PAL-XFEL

Pulse
Pop-in  selector

Laser-in

600 mm

R —— —
A @ £=300
150 gr/mm
300 gr/mm
Achromatic 500nm blz
=150 =1
spatial, | QBK7
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<Prototype Timing chamber> - ’Pz -
I e .
NIR __Achromatic 6", CF
f=50 e f=250
U
- Achromatic@
f=75
ND c-axis sapphire, 3mm
Beam height Linear stage
:13.5mm travel length : 100mm
Resolution: 0.1 um
<
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Timing diagnostics between XFEL and optical laser pulses

<Membrane manipulator and holder>

SiN
membranes

Picosecond timing
: GaAs Photodiode (Biased), 30 ps rise
Femtosecond timing
: Spectral or spatial encoding with Si;N, membrane
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Preliminary alignment and test by laser pulses
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Schedule for Beamline Laser

PALJ’?

Hard X-ray

Beam transportation
End-station set-up
Timing diagnostics (XSS)

Timing diagnostics (NCI)

Soft X-ray

Hollow fiber compressor
End-station set-up

Timing diagnostics (SX)
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