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NEPAL was developed as Next generation Photocathode Laser
Status: NEPAL is commissioned at all three facilities (FLASH, PITZ, EUXFEL) in basic version
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{ Laser 2 Yb:fiber / Nd:YVOJ passively modelocked
NEPAL-X1
NEPAL-X2

NEPAL:

v" Common laser
platform across
several facilities

Common spares,
operation procedures

v' Fiber-laser front-end:
alignment-free, low
maintenance

v' Remote control, ample
diagnostics
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NEPAL to-do: advanced feature development

e Twin-bunches (EuXFEL) / THz doubler (FLASH)
e Two laser pulses in same or close RF bucket

Y Done! (demonstrated at EUXFEL)
770 ps Same RF
separation bucket

e Variation of charge along the bunch train  R&D version: works

& Large size flat-top < Small diameter K B
intensitydistributlion/ ﬂgt—t_op i_ntensity US|ng a S|ng|e NEPAI_ Iaser
truncated Gaussian distribution
currently developing production
‘ software. goal: can be used
I I v nomexpert (B operaton
A .
0.05 nm BP filter 0.21 nm Gaussian filter Transmit all (Full bandw.)
&0 — Xcorr L — Xcorr L= Xcorr
Y T ered . o ) £ 061 £0s £0s
7 _gnzgym.:‘{,l;g:d /f 3 e Variation of pulse duration £ 1" £
$ 109 S e Advanced shaping, e.g. flat-top fo e L
.'7‘ 15-
S : 001 001 00
= '20' R&D phase Ong0|ng 4 -0 0 2 4 20 -0 0 10 2 -0 5 0 5 10
-25- . . time / ps time / ps time / ps
, ErUM-data project: OPAL-FEL Results from R&D at EUXFEL
1020 1°23vave,en;‘t’,?(°nm) 1035 Very promising results
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TRISHA (laser heater laser) Status / TODOs

Used for some tests (even user experiments) but not fully commissioned

 pulse duration beam size control in modulator

 Autocorrelation measurement pending (equipment « FPRD requires change beam waist size by factor of ~
there, staff missing) 5x at LH modulator, in practice factor is limited to

> We know that the pulse duration is shorter than the about 2x (due to alignment sensitivity)

specified value in the FPRD. Is this sufficient? - todo: re-evaluate requirements. If 2x is not sufficient a
design change is required

pulse energy control ( different heating power

« Beam transport beam stabilization system for FLASH1 and FLASH2)

» hardware complete, basic version works
» Under development ( same software as electron

« TEM company currently finishing GUI software bunch charge variation in NEPAL
—> currently running at R&D system (EuXFEL)
—> needs to be tested and verified on actual system

beamline coupling OS0O - LH Undulator

* not optimal (periscope too coarse, hysteresis)
- improvements required
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WP Al - operation (outside FLASH2020+ project)

Currently no staff for photocathode / laser heater laser operation.
Situation needs to change for FLASH starting up after shutdown.
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WP S2: Seed Laser System



Introduction . Seed laser system

Seeding laser specification for two color tunable EEHG x-ray FEL seeding

Accelarator
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in-coupling
losses
safety margin
Parameter
Wavelength

Pulse duration

Pulse energy
Peak power

Burst-burst | pulse-pulse instabilities

Wavelength stability
Position stability
Pointing stability
Timing jitter

e

FLASH 1

100 pJ, 500 fs, 1 MHz
Seedl Third harmonic

50 uJ, 50 fs, 1 MHz
Seedz Tunable UV pulses

Seedl Seed?2
343 nm 297 — 317 nm
500 fs 50 fs
50 puJ 16 pJ
100 MW 320 MW
1 MHz
<4% | < 2% (RMS)
103 2*104 (0.07 nm)
18 % of beam size (RMS)
< 50 prad
<50fs

L FLASH burst timing structure: Allows for high peak power but laser will nether reach thermal equilibrium



Laser System.

Overview

= Commercial pump laser

= Seed 1: Third harmonic generation

= Seed 2: Optical parametric amplifier (OPA)
and cascaded UV generation

= Mode-matching and pre pulse compression
before transport to the modulators
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Laser System. Seed 1

P I" O g r e S S B TAMC532_TDxml  FLASH LASER/FSLACPUSLASH1.TAMC532DMA/SLASHI/CHZ...  — o x

Beam stabilization and pulse picking AOM fully operational / read for burst-flattening
Pulse energy in specs, good beam quality (exact. specs under investigation)
Long-term crystal degradation currently under investigation (not yet conclusive)

Next steps

Installation of mode-matching, beam and pulse diagnostic
Installation of vacuum chambers for beam transport
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Laser System. Seed 2

= Wavelength Out, Filtered CoM
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WP S3: Seed Laser Transport



Laser Lab
Interferometer

Interferometer
Retroreflector
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Status — Beam transport

« Beam Transport Optics « Diagnostics
several review meetings (Sept/ Oct. 2024) Diagnostics in laser lab
—> design frozen —> conceptual design finished,
- UV coatings ordered, damage tests in Dec. 2024 —> currently working on detailed design

—> ordering components

Diagnostics extraction / tunnel

—> conceptual design finished

expect to start detailed design end of year

« Vacuum System / Optomechanics
Laser lab: design frozen
- install vacuum system Nov. 2024
Il Needed: arrival of ordered components ASAP
— one key component (force-balancing-bellow) sits
in Denmark for pick up
—> working with V4 to solve situation
Extraction/ tunnel: finalizing design (last touches)
—> expect to freeze design end of next week
—> drill holes / mount base plates in November
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Synchronization / Timing to Electron Bunch

WP T5 (LbSync)
Status: Concept developed, working on detailed design, ordering hardware electron beam
—
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Coarse Timeline....

2024 2025

2026

= Till end of the year:
= Seed laser ready for beamline installation (initial reduce feature set)

Conclusive study about long-term performance of Seedl and Seed2 (damage tests)
Installation the vacuum components in the laser lab

Drilling and installation of beamline mounting in the extraction
= Till next year Aug.:
= Installation diagnostic beamline in-coupling in the laser lab

= Beamline installation including optics and commissioning
= Till end of next year

= Seeding commissioning
= Implementing advanced laser controls (extend the laser feature set)
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Seed 1 development vacuum | set-up optics tests, support seeding commissioning
52 Seed2 Seed 2 development chambers ?2;?33 in vacuum beam delivery to beamline advanced controls
laser lab i ; i ; i i
WP optics design ordering - : qlagnoancs_ _ bamlln_a _ aptrcs_ baamll!'ia_+ d_|ag
53 drilling extraction design & ordering installation installation commissioning
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WP P3:
Pump-probe laser systems

WP P4.
Pump-probe laser delivery



FLASH2020+ laser delivery concepts

Delivering beams simultaneously to two instruments!
Concurrent pump-probe experiment and preparation for the next experiment
(applicable to both FLASH1 and FLASH2 FEL'’s).

Spectral 1 pm relay

; imagin . .
cont M Yovac o broadening i [ = Implementation is delayed due
Oscillator . Compressor . ) . . .
2x10 Hz 1 to challenges in financing

end amplifier
Spectral simultaneous
broadening outputs

Drift Mode Mode Drift
matching matching CelpIEEser OP(CP)A stabilization

Incouplin o Harmonic Compressor
ping stabilization P

Incoupling

Instrument Instrument

A-L. Viotti, S. Alisauskas, M. Seidel, A. Tajalli, B. Manschwetus, H. Cankaya, K. Jurkus, V. Sinkus, I. Hartl, Review of Scientific Instruments, 2023, 94: p 023002.
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FLASH Pump-Probe Laser Upgrade (Fit-to-Budget Proposal)

Realization of pump-probe lasers under tight budget constraints ®  FLASH1: PG1/2 — keep interims laser
(PIGLET)

°*  FLASH2: Hybrid Operation

¢ FL24 & FL26: Existing 800 nm
OPCPA at 100 kHz and harmonics

Beamline Fundamental Harmonics GAVZAVARSS

° FL23 (New beamline): 1 um
technology at 100 kHz, 1 mJ at 1 um
and harmonics (2"d, 34 and 4t) at
target

°*  FLASH1: 1 um operation for FL11:

50 pd, 5 ud, VIS, (1MHz)
1.03pm, 60 <0.5 ud, UV
PG2 fs, 1IMHz, (IMHZz)

Tunable

2mJd

> 10uJ (200kHz) in

FL23 (100kHZ), :
FLo4 <50 fs UV-Vis, <100 fs °  FL11 (New beamline): 1 um
S /4 e s AL technology at 200 kHz, 0.5 mJ at 1
0 4 8 uJ VIS, um and harmonics (2M, 34 and 4t at
(1\3i2), target
Lo A=03%m 15 p208Hz2),

° Budget is available since June 2024
for minimum version
- currently starting to setup-up the
laser (detailed planning on-going)

50 f 0.8/1J (LMHMUV
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Conclusions

« WPAL:

Photocathode laser NEPAL: commissioned — developing advanced features

Laser heater laser TRISHA: set-up tested (limited controls) needs to be finalized
ISSUE: No operations staff

« WP S2/S3
Set-up ongoing, on target but timeline critical

« WP P3/P4
Received funding for fit-to-budget proposal
—> starting developing FLASH1 pump-probe laser DALGA
- keep FLASH1 PG laser (PIGLET) and FLASH2 pump-probe laser (ULGAN-F2) as is.
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Talkovski, Hamed Tavakol, Henrik TUnnermann, Caterina Vidoli, Anne-Lise Vittoli, Lutz
Winkelmann, Jiaan Zheng, Falco Zummack, et al.
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Realization: MPC for FLASH2 Pump-Probe laser i3

Commercial system: cost-effective & less complexity with German safety
Regulations (less gas volume) = n, Photonics

Installed in Sep. 2023 & Debugged until Jan. 2024

Input: 3.5 mJ ,100 kHz, 1030 nm, 1 ps

Output: FTL < 60 fs, Transmission >90%

Spectral broadening @ 2.9 bar argon

Intensity

0.4 FTL<60fs

940 960 980 1000 1020
Wavelenath (nm)

1040

1060
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Spectral bandwidth logging (80 Hours)
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Time (h)

Pulse energy logging (80 Hours)
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Time (h)
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FL23/MOD2.3: First Experiment

Spectral Encoding & FLASH Team
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Steering pl Spectrum ,———— ?
eizlir:%l-:\sane MONO 1 screen i G2 } (ver.) Lase
- WAU ( \ ' I
SASE Undulatortp4 o | Sit " | (!-—)—*’
| | | i } ot Experiment
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Photon

™2

395
400

Chirped pump-probe laser pulse:
(A =1030nm, A1 =45nm@ -10 dB, t4;,=70 fs (FWHM), 1,=2-4ps (FWHM) )

400
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405

; emmmmmeees . Spectrometer & Gotthard Z o
‘ | SN, 2 |
\ | = Single shot 8 ws 00
| 1 : spectra 420 I 600
FEL _MULTIP
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Manuscript in preparation Page 23
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