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Femtosecond beamline at FLASH
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WP 4 Goals

= WP4.1.1: DESY will perform detail characterization of the FLASH edge
radiation in collaboration with THz experts from Budker institute and FZB.

= WP 4.1.2: Modelling of the edge amplification: DESY, Budker institute, LITP
and TUKL will develop physical model for generation of the edge radiation and
calculate optimal parameters for its amplification (e.g. geometry, amplification
medium, pump wavelength).

= WP 4.1.3: Test of edge radiation amplification using existing laser system at
FLASH: experiment will be led by DESY in collaboration with THz experts from
Budker institute and FZB as well as with parametric amplification experts from
AG Cavalleri.

= WP 4.1.4: Upgrade of THz experimental station will be performed by DESY.

= WP 4.1.5: DESY will install of synchronized tuneable laser into the THz
beamline at FLASH in collaboration with Budker institute and FZB.

= WP 4.1.6: Pilot three colour (soft X-ray, UV-NIR and THz) experiments at BL3

(DESY, FZB, UHH, UDE).
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Overview: FLASH

SASE - Self Amplified Spontaneous Emission

A http://hasyweb.desy.de/flash_booklet/flash_brochure.pdf
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S. Jamison, Nature Photonics 4, 589 - 591 (2010)

Undulator length

Electron beam requirements:

 High peak current — 103A

» Low emittance (low cross-section & divergence)

» Low energy spread (all electrons have same “velocity”)
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Overview: THz at FLASH - Source

THz undulator

XUV undulator(s)

electrons

Cascaded design:

 Parasitic operation

« Synchronized to XUV pulse

Mgyyo =65 fs (FWHM)
ot.',f’;.".o.unc (23 %)

Short electron bunch:

* Intensity ~ N2 (up to 70ulJ)
* Coherent and CPE stable
Tunable: (10 — 230 um)

* B. Faatz et al., NIM A 475 (2001) 363.

* G. Geloni, E.L. Saldin, E.A. Schneidmiller, M.V. Yurkov, Nucl. Instr. Method A 528 (2004) 184-188.
* Gensch, M. et al. New infrared undulator beamline at FLASH. Infrared Phys. Te(:A ggIAE%hg%Brﬁg%S |(%8?782'Status| 16.12.2011 | Page 4
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Overview: FLASH experimental Hall
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Overview: Pump probe experiments
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Figure 1 Transient X-ray-induced optical reflectivity (AR/R) measurement:
schematic overview. Extreme-UV FEL pulses (39.5 eV, <50 fs, <16 p.)

Gahl, C. et al. A femtosecond X-ray/optical cross-correlator. Nature Photon. 2,
165-169 (2008).
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Overview: Jitter in pump probe experiments
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Figure 1 Transient X-ray-induced optical reflectivity (AR/R) measurement:
schematic overview. Extreme-UV FEL pulses (39.5 eV, <50 fs, <16 p.)

Gahl, C. et al. A femtosecond X-ray/optical cross-correlator. Nature Photon. 2,

165-169 (2008).
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Overview: Jitter in pump probe experiments

... monitoring and correcting
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Azima, A. et al. Time-resolved pump—probe experiments beyond the jitter

limitations at FLASH. Appl. Phys. Lett. 94, 144102 (2009). FIG. 3. (Color online) An uncorrected pump-probe delay scan (x) of the

normalized amplitude of the first order sideband is compared with the TEO
sorted sideband amplitude (o) deduced from Fie. 2 and the expected | ontimal
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Overview: Jitter in pump probe experiments

monitoring and correcting
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*TEO: timing by electro optical sampling ~ 100fs
» Antenna based arrival monitor

*Reflectivity XUV-VIS correletors:
» Semiconductor >50fs

* “Plasma switch” <10fs

15

 Laser based THz streaking ??? fs

) \n uncorrected pump-probe delay scan (x) of the
* THZ(from FLAS H)/Vl S correlation ~ 10fs e first order sideband is compared with the TEO

(0) deduced from Fig. 2 and the expected ontimal
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WP4.1.1: Optical afterburner - idea
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Optical afterburner for an x-ray free electron laser as a tool for pump-probe
experiments
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Optical afterburner:
* SASE proces:

* modulations of the electron
bunch energy (VIS/NIR scale)

« Dispersion section:

» energy = density modulations

* Radiator:

E.L. Saldin, E.A. Schneidmiller and M.V. Yurkov, Phys. Rev. ST Accel.
Beams 13, 030701 (2010)

To pump-prabe
SASE undulalar DIspersion  oodistor  experiment
TR O L S | 11111 .
e \
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To electron
beam dump

FIG. 1. (Color) Scheme of the aftesburner for pump-probe ex-
perimenis al an x-ray FEL.
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WP4.1.1: Optical afterburner - Characterization

6x10" ———————
Single FEL pulse  Averaged intensity
" nvelope
Afterburn 1ok
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Power distribution in a single x-ray pulse from the SASEL undulator [12]. This ghot was us 0 . . . .
Right: Averaged power distribution (red) and its reconstruction (Blae), see tee wexn for d 0 5 10 15 20

FIR wavelength / um

Optical afterburner - optical replica of SASE pulses:

* Pulse duration
* Time marker (for sync. with ext. sources)
« Synchronized VIS/NIR source

* covers the gap from 0.6 - 30um

E.L. Saldin, E.A. Schneidmiller and M.V. Yurkov, Phys. Rev. ST Accel. Beams 13, 030701 (2010)
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WP4.1.1: Optical afterburner — Proof of principle

Afterburner Eng. Det.

SASE und. THz und.

X-ray beam

THz undulator:

- Dispersion section + radiator |

e SASE >100uJ @ 20nm

ealso @ 13.7nm, 7nm,
8nm, 5.9nm, 4.8nm,
4.3nm ...
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Optical afterburner — pulse duration
FROG

Delay
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XUV beam

THz diagnostic port
e-beam DUMP

__ pumpjprobe:
optical laser - THz

This work is supported by the BMBF grant nr. 05K10CHC and a collaboration of DESY, HZDR, TUB, FUB.

- Laser
beamlines

'—.]' J l\\é |\ gbt::vp/probe:
o E\LI & Teixisy
PG2 l_J_I
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WP4.1.1: Optical afterburner — pulse duration
Delay FROG

* Electron charge 600pC
* SASE ~ 200ud @ 8nm

e THz tuned to 800nm
* Afterburner pulse T < 300fs

e-beam DUMP XUV beam

e-gun
This work is supported by the BMBF grant nr. 05K10CHC and a collaboration of DESY, HZDR, TUB, FUB.

Hidra laser ¢

burst-moc

\ pump/probe:
PG1 , optical laser -
THz - X-ray
BL2
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WP4.1.1: Optical afterburner — pulse duration

L) De\a\jf FROG

fy Stage
A ’
Beamsplitter
( \ N | \ Spectrometer
—
\ / BBO crystal
2N

'k{lzundq\ator ,_ THz b,eam |

-

[ e-beam DUMP XUV beam

* Electrons:
» Charge 150 - 500pC
* Energy 690 MeV

« SASE ~ 30 - 200pJ

* THz tuned to 800nm
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WP4.1.1: Optical afterburner characterization-Future work

6x10" I
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5.00E-031 lambda (um)
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FIR wavelength / um - ——BBO phase matching Bandwidth
« No pulse stretching @ 1.5 um £
« High SHG efficiency (Thick BBO %
crystal) §
« High Phase matching Bandwidth 5"
. . . . £
« Low dispersion in air ™
Dipl. Student: Torsten Golz *Lambda (um)
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WP 4 Goals

]

= WP 4.1.2: Modelling of the edge amplification: DESY, Budker institute, LITP
and TUKL will develop physical model for generation of the edge radiation and
calculate optimal parameters for its amplification (e.g. geometry, amplification
medium, pump wavelength).

= WP 4.1.3: Test of edge radiation amplification using existing laser system at
FLASH: experiment will be led by DESY in collaboration with THz experts from
Budker institute and FZB as well as with parametric amplification experts from
AG Cavalleri.

= WP 4.1.4: Upgrade of THz experimental station will be performed by DESY.

= WP 4.1.5: DESY will install of synchronized tuneable laser into the THz
beamline at FLASH in collaboration with Budker institute and FZB.

= WP 4.1.6: Pilot three colour (soft X-ray, UV-NIR and THz) experiments at BL3

(DESY, FZB, UHH, UDE).
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WP4.1.2: Optical afterburner —amplification

PP laser (2"d harm.)

1
( Master Clock ) Ampl. Aft.

Afterburner

SASE und. THz und.

dump X-ray beam

Non-colinear Optical Parametric Amplifier: NOPA
- broadband — short pulses A |
e tunable

. : purmp-2
» high gain < -
*E. Riedle et al., “Generation of 10 to 50 fs pulses tunable through all of the visible and crystal F--’-Ir.- 1
the NIR"Appl. Phys. B, 71, 457-465, (2000)

Alaa Al-Shemmary | WP 4 Status| 16.12.2011 | Page 18



WP4.1.3 Optical afterburner — amplification

« SASE ~ 200pd @ 7nm
 Electrons:

« Charge 800pC

* Energy 960MeV
* THz tuned to 800nm

Afterburner:

“¥epulse energy 2nJ

« amplified to 200nJ
1+ super-fluorescence 15nJ

pump/probe:
optical laser -
THz - X-ray

crystal -"mlﬂr.j. pumg-1

Alaa Al-Shemmary | WP 4 Status| 16.12.2011 | Page 19




WP 4 Goals

= WP 4.1.4: Upgrade of THz experimental station will be performed by DESY.

= WP 4.1.5: DESY will install of synchronized tuneable laser into the THz
beamline at FLASH in collaboration with Budker institute and FZB.

= WP 4.1.6: Pilot three colour (soft X-ray, UV-NIR and THz) experiments at BL3

(DESY, FZB, UHH, UDE).
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WP4.1.4 THz experimental station upgrade

h = 1500mm : PP-laser

h = 1600mm : THz
h = 1600mm : FEL

Kra

KH5
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WP4.1.4 THz experimental station upgrade
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WP4.1.4 THz experimental station upgrade

NOTE:

Installation sequence:

1. PTQ52510/55/NJ-S22
2. PTQ52510/SS/NJ-S21
2. PTQ52508/SS/NJ-543
3. PTQ52508/5SS/NJ-542

The floor intended for this system to be situated must be within +/-5mm flatness to ensure all specifications

APPROVALS PREPPING
ENGINEERING| LDS | FABRICATION]
i CUSTOM OPTICAL TABLE NOPART OF THISDRAWING MaY BE | TOLERANGES: ) o e 4100 SALES ASSEMBLY
JOINER SYSTEM REPRODUCED OR TRANSMITTED I L LA 21
MEANS TWO DECIMAL PLACES 0.30
INCLUDING PHOTOCOPYING OR * DRILLING| FINISHING)|
PART:NUMBER | SEGABOVE RECORDING WITHOUT THE PRIOR
s T WRITTEN PERMISSION OF THORLABS | AL DIMENSIONS IN MILLIMETERS DRALING QA R Gl
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WP 4 Goals

= WP 4.1.4: Upgrade of THz experimental station will be performed by DESY.

= WP 4.1.5: DESY will install of synchronized tuneable laser into the THz
beamline at FLASH in collaboration with Budker institute and FZB.

= WP 4.1.6: Pilot three colour (soft X-ray, UV-NIR and THz) experiments at BL3

(DESY, FZB, UHH, UDE).
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WP 4 Goals

= WP 4.1.4: Upgrade of THz experimental station will be performed by DESY

= WP 4.1.5: DESY will install of synchronized tuneable laser into the THz
beamline at FLASH in collaboration with Budker institute and FZB.

= WP 4.1.6: Pilot three colour (soft X-ray, UV-NIR and THz) experiments at BL3

(DESY, FZB, UHH, UDE).
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WP 4 Milestone planning

1-Project year 2-Project year 3-Project year
1-Qt | 2-Qt | 3-Qt | 4-Qt | 1-Qt | 2-Qt | 3-Qt | 4-Qt | 1-Qt | 2-Qt | 3-Qt | 4-Qt

Month 1-3 4-6 7-9 10-12 | 13-14 | 15-18 | 19-21 | 22-24 | 25-27 | 28-30 | 31-33 | 34-36

WP 4.1.1
WP 4.1.2
WP 4.1.3
WP 4.1.4
WP 4.1.5
WP 4.1.6
WP 421
WP 4.2.2
WP 4.2.3
WP 4.2.4
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WP 4: Femtosecond beamline at FLASH

Thanks!
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4.1 THz at FLASH - Upgrade

Synchrotron radiation
and THz beamline

TEO optical fiber THz beamline

New THz diagnostic port
Pump/probe:
THz / optical laser

* Thermally isolated from FLASH
hall
 Optically sealed

Laser
beamlines

« Larger space on single optical

BL3

pump/probe: * Improved stability
optical laser - .
., THe-Xray * Delayed & direct THz

P2 H
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