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1.1 THz at FLASH

SASE - Self Amplified Spontaneous Emission

A http://hasyweb.desy.de/flash_booklet/flash_brochure.pdf

Pulse energy

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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1.2 THz at FLASH - Source

Cascaded design:

 Parasitic operation

» Synchronized to XUV pulse
Short electron bunch:

* Intensity ~ N_2 (up to 70uJ)

» 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.
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1.3 THz at FLASH - Coherence...

... and Carrier Envelope Phase stability

measured by streaking...

*U. Fruehling et. al., Nature Photonics 3, 523 - 528 (2009)

or Electro Optical Sampling ...

Single-shot

F. Tavella, N. Stojanovic, G. Geloni, M. Gensch, Few fs
synchronization at 4th generation light sources, Nature

Photon. (2011).
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1.4 THz at FLASH - Single cycle

... for Free!

Single cycle (edge radiation):

* up to 10ud
» Synchronized to XUV pulse
» Coherent and CPE stable

* Intensity ~ N2

e Parasitic
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1.6 THz at FLASH - Single cycle (CTR)
... for Free!

Single cycle (edge radiation):
* up to #8e=> >100ud !*

e E=1MV/m & B=1T
» Synchronized to XUV pulse
» Coherent and CPE stable

* Intensity ~ N2

e Parasitic

*M. C. Hoffmann et al., Coherent single cycle pulses with
MV/cm field strengths from a relativistic transition
radiation light source, preprint Optics Letters
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1.7 THz at FLASH - Single cycle (CTR)
... for Free!

2009@FLASH

201M@FLASH

N

011@LCLS

Nikola Stojanovic | New Science Opport]

Single cycle (edge radiation):

* up to 48> >100ud !*
e E=1MV/m & B=1T

FLASH @ 140 m — (B. Schmidt)

* el. bunch diagnostics

* EOS experiments

CTR - THz beamline @ HZDR
» already under construction

» collaboration w/ DESY

e/
unities at FLASH: THz @ FLASH2 | 13.10.2011 | Page 7 DESY
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2.1 THz at FLASH - Beamline

... and THz ports

THz diagnostics port - THz only

/ Pulse energy, spectrum ...

THz pump/probe port - THz & VIS
T

Pulse duration, timing, experiments...

THz end station @BL3 - THz & VIS & XUV
- User experiments ...
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2.2 THz at FLASH - User experiments

Resonant vibrational control in complex materials

1) in strongly correlated 2) of biomolecules

oxides Dr. T. Laarmann (DESY) + ...
M-_Gensch(HZDR,Dresden) + CFEL ...
9 shifts 14 shifts

3) Control of magnetization in ferromagnets
Dr. H. Duerr (SLAC) + CFEL + DESY + UNI HH...

4) Photoelectron
Streaking UNI-HH + DESY

+ ...

8 shifts
8 shifts
5) Pulse duration +
Timing 20 shifts
DESY + users
(P. Johnsson; T. Laaeman; ...)
Thanks to
BMBF gran
nr 05K10¢
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3.1 THz at FLASH — Optical afterburner

An idea

Modulated density profile

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.
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3.2 THz at FLASH — Optical afterburner
An idea

ex10®

Single FEL pulse Averaged intensity
envelope

Afterburner HAp}

|F(H

FEL |

Optical afterburner - optical replica of SASE pulses:

e 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)
* THPCO084, Proceedings of IPAC2011, San Sebastian, Spain



3.3 THz at FLASH — Optical afterburner

Proof of principle

-
Linac SASE und. THz und. Afterburner  Eng. Det.
e-beam X-ray beam
dump

THz undulator:

* Dispersion section + radiator
* SASE >100ud @ 20nm

calso @ 13.7nm, 7nm,
8nm, 5.9nm, 4.8nm,
4.3nm ...

* THPCO084, Proceedings of IPAC2011, San Sebastian, Spain
Nikola Stojanovic | New Science Opportunities at FLASH: THz @ FLASH2 | 13.10.2011 | Page 13



3.3 THz at FLASH - Optical afterburner

XUV pulse duration
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3.5 THz at FLASH — Optical afterburner

| PP laser (2" harm.)
1
1
[ Master Clock ) SH crystal Ampl. Aft.
: e @ 0
1
Linac SASEund.  THzund. Afterburner BBO
e-beam XUV beam
dump
Non-colinear Optical Parametric Amplifier: NOPA

» broadband — short pulses A

e tunable

* high gain

*E. Riedle et al., “Generation of 10 to 50 fs pulses tunable through all of the visible and

the NIR”Appl. Phys. B, 71, 457-465, (2000)
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3.7 THz at FLASH — Optical afterburner

Single-shot pulse duration

GRENOUILLE

Single-shot pulse duration:
* Not enough intensity @ VIS

« Shifting to NIR-MIR
» Upgrade of detectors ...
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4.1 THz at FLASH - Existing design

Beam separation Tuning range
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Camme

* 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. etal. New infrared undulator bgamiing at FLASH, Infrared Doys: e eanl . t 48R A 0% hsH2 | 13.10.2011 | Page 17




4.2 THz at FLASH - Existing design

Pump/probe experiments in magnetic materials

« excitations in >100um range

* short XUV wavelengths (<2nm)

» existing THz undulator at FLASH
* 33um @ 1.25GeV
«21um @ 1.6GeV

*Solution:

* Higher magnetic field ::

* Longer undulator period

» Gensch, M. etal. New infrared undulator bgamiing at FLASH, Infared Doys: e eanl . t 48R A3 0% hsH2 | 13.10.2011 | Page 18



4.3 THz at FLASH2

Gun ACC1+ACC39 ACC283  ACCA4.5.6.7 SELASH SASE EXP. Hall
~4.1 - 60 nm
Up to ~1.25 GeV T
B S0 o M

1st BC 2" BC

FLASH li >

THz generated at 3.5° angle w/ respect to XUV
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4.4 THz at FLASH2 - Source

Normal conducting

Superconducting
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4.5 THz at FLASH2 - Source

Normal conducting

Superconducting
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4.6 THz at FLASH2 - Source
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4.7 THz at FLASH2 - Beamline

__— "
]

THz beamline

THz delay-line

THz beamline in exp. hall

* close to short A XUV beamline

» design for improved low THz transmission
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4.8 THz at FLASH2 - Summary
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THz at FLASH - who’s behind it?
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Thanks!
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