
THZ Driven 
Electron
and X-ray Sources

Franz X. Kärtner
DESY - Center for Free-Electron Laser Science, Ultrafast Optics and X-Rays Group, Hamburg, Germany
and
Department of Physics and The Hamburg Center for Ultrafast Imaging, Universität Hamburg, Germany

INFN Seminar - November 29, 2018

1

Early Career Researcher Meetings Summary

J. McNeur, K. Wootton

 
 

 

 

 

 

European Research Council (ERC) 
 

Information for Applicants 
to the Proof of Concept Grants 2017 Call 

 
 
 
 
 

Version 1.0 
2 August 2016 

 



Page 2

Why another Accelerator and X-ray Source?
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FLASH2020 - Project 

FLASH2020 FLASH 

Gain x 125 

FLASH2020 
Ø  CW operation up to 1 MHz 
Ø  fundamental 30-550 eV  
Ø  multiple FEL lines with up to 100 kHz 
Ø  external seeding up to 100 kHz  

SCIENCE 
Ø  Time-resolved coincidences 
Ø  Electronic structure movies 
Ø  Single-shot nanoscale imaging 
Ø  Light-induced dynamics and control 
Ø  Nonlinear spectroscopy  

Aim: join the national roadmap in ~ 2-3 year 

   
  Elevator speech: 
 
  FLASH 2020: The ultimate high repetition rate fs 
                          soft X-ray camera  
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CHyN 

Science Platforms, Campus Development 

HARBOR 

Structure, Dynamics and Function of Matter
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2,5 km 

X-Ray Laser 
Femto-Flashes

Ultrarelativistic Electrons

In Operation since May 2017

European XFEL.
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Year

Cumulative number of structures in the Protein Data Bank
X - Crystallography has created structural biology

0

25.000

50.000

75.000

100.000

125.000

1975 1980 1985 1990 1995 2000 2005 2010 2015

X-ray NMR Electron
Year

St
ru

ct
ur

es

myosin

myoglobin

hemoglobin

transfer 
RNA

antibody

virus

actin

nucleosome

ribosome

Courtesy of
H. Chapman

Many proteins are hard/impossible to crystalize
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30s ribosome
5BR8

Lysozyme
4ZIX, 5C6I, 5C6J, 5C6L,
4RW1, 4RW2, 4N5R

5-HT2B
4NC3

Thermolysin
4OW3, 
4TNL, 5DLH

Angiotensin
4YAY

Phycocyanin
4Q70, 4Z8K, 4ZIZ

ATPase
4XOU

A2a
5K2D, 5K2C, 
5K2B, 5K2A

Riboswitch
5SWE, 5SWD, 
5E54

Bacteriorhodopsin
5J7A

CathepsinB
4HWY

Smoothened
4O9R

Rhodopsin-arrestin
4ZWJ

Over 100 XFEL structures have been solved

Photosystem 1+II
3PCQ, 4FBY, 4IXR, 4IXQ, 
4TNK, 4TNJ, 4TNI, 4TNH, 4PBU,
4RVY, 5E7C, 5TIS, 5KAI, 5KAF,

Courtesy of
H. Chapman
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~ 30 fs

~ 30 ps, 106 photons

1012 photonsFEL

Synchrotron

50 GW peak power

50 W peak power

photon 
flux

time

50 fs2 fs 5 fs 20 fs10 fs

R. Neutze, et al. 406, 752-757 (2000). 

X-ray FELs are a billion times brighter than synchrotrons
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Ultrafast X-ray diffraction from a stream of nanocrystals at room temperature
Reaction triggered by optical laser pulses 

FEL

H. Chapman, et al. 
Nature 470, 73, 2011

Pump Laser

Gas-focused
liquid jet

Short Pulses Outrun Radiation Damage
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Attosecond X-ray Science – Imaging and Spectroscopy

The Quest for Compact Coherent X-ray Sources (Sub-fs Pulses)

Laser-based THz-generation, acceleration and optical undulator

ps, 1-J-Lasers, 
auto-synchronization
kHz operation

FXK. et al., doi:10.1016/j.nima.2016.02.080
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_MG_1344 _MG_1346

_MG_1355 _MG_1360Ralph Assmann
DESY

Henry Chapman
DESY & U. Hamburg

Petra Fromme
DESY & Arizona State U.

AcceleratorsX-Rays Bio-Phys-Chem

IR
or

Optical 

Undulator

Laser driver

àhas its own science case
àseeding of large scale FELs
à solve access to large facilities

Jointly 
with
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AXSIS Team
Ultrafast Optics and X-rays Group

CFEL is a scientific collaboration of DESY, Max-Planck-Gesellschaft and Universität Hamburg
Imprint | © 2017 CFEL

" moein.fakhari@desy.de # +49 40 8998-6477 $

Home → Team → Postdoctoral scientists → Fakhari, Moein ·

FFAAKKHHAARRII,,  MMOOEEIINN

Location: 99/ O3.123, CFEL at DESY, Hamburg

%  CCFFEELL  HHoommee

Fakhari, Moein https://ufox.cfel.de/team/postdoctoral_scientists/fakhari_moein/
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! alke.meents@desy.de

! alke.meents@cfel.de

" +49 (0)40 8998 - 5468

# +49 (0)40 8998 - 95468
$ +49 (0)40 8994 - 5468
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Home → Team → Scientific Staff → Alke Meents ·

DDRR..  AALLKKEE  MMEEEENNTTSS

Research Scientist

Center for Free-Electron Laser Science
Building 25F, Room 354
Building 99, Room O3.054

PPuubblliiccaattiioonnss
Journal Article
Kupitz, C.; Olmos, J. L.; Holl, M.; Tremblay, L.; Pande, K.; Pandey, S.; Oberthür, D.;
Hunter, M.; Liang, M.; Aquila, A.; Tenboer, J.; Calvey, G.; Katz, A.; Chen, Y.;
Wiedorn, M. O.; Knoska, J.; Meents, A.; Majriani, V.; Norwood, T.; Poudyal, I.; Grant, T.;
Miller, M. D.; Xu, W.; Tolstikova, A.; Morgan, A.; Metz, M.; Martin-Gracia, J.; Zook, J. D.;
Roy-Chowdhury, S.; Coe, J.; Nagaratnam, N.; Meza, D.; Fromme, R.; Basu, S.; Frank, M.;
White, T.; Barty, A.; Bajt, S.; Yefanov, O.; Chapman, H. N.; Zatsepin, N.; Nelson, G.;
Weierstall, U.; Spence, J.; Schwander, P.; Pollack, L.; Fromme, P.; Ourmazd, A.;
Phillips, G. N.; Schmidt, M. (Corresponding author)
SSttrruuccttuurraall  eennzzyymmoollooggyy  uussiinngg  XX--rraayy  ffrreeee  eelleeccttrroonn  llaasseerrss
Structural dynamics 4(4), 044003 (2017) [10.1063/1.4972069]  

 Files

Journal Article
Ginn, H. M.; Roedig, P.; Kuo, A.; Evans, G.; Sauter, N. K.; Ernst, O.; Meents, A.;
Mueller-Werkmeister, H.; Miller, R. J. D.; Stuart, D. I. (Corresponding author)
TTaakkeeTTwwoo::  aann  iinnddeexxiinngg  aallggoorriitthhmm  ssuuiitteedd  ttoo  ssttiillll  iimmaaggeess  wwiitthh  kknnoowwnn  ccrryyssttaall

%

Dr. Alke Meents https://cid.cfel.de/team/scientific_staff/alke_meents/
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Group Members

Heinz Graafsma
E-Mail: Heinz Graafsma

Phone: +49 (0)40 8998 1678

Location: 99 / 03.009

Scientist, Head of the FS-DS Group

Aschkan Allahgholi
E-Mail: Aschkan Allahgholi

Phone: +49 (0)40 8998 2314

Location: 99 / 03.001

Post Doc

Vera Baier
E-Mail: Vera Baier

Phone:

Location: 99 / O3.010

Technische Zeichnerin

Jonathan Correa
E-Mail: Jonathan Correa

Phone: +49 (0)40 8998 6599

Location: 99 / 03.005

Post Doc

Helmut Hirsemann
E-Mail: Helmut Hirsemann

Phone: +49 (0)40 8998 5446

Fax: +49 (0) 40 8994 5446

Location: 99 / 03.010

Mechanical Engineer

Annette Delfs
E-Mail: Annette Delfs

Phone: +49 (0)40 8998 1518/1878

Location: 99 / 03.010

Mechanical Engineer

Stefanie Jack
E-Mail: Stefanie Jack

Phone: +49 (0)40 8998 3959

Fax: +49 (0) 40 8994 3959

Location: 99 / 03.013

FS-DS Project Management

Alexander Kluyev
E-Mail: Alexander Kluyev

Phone: +49 (0)40 8998 4123

Location: 99 / 03.006

Post Doc

Sabine Lange
E-Mail: Sabine Lange

Phone: +49 (0)40 8998 2751

Location: 99 / 03.013

Electronics Engineer

Torsten Laurus
E-Mail: Torsten Laurus

Phone: +49 (0)40 8998 1601

Location: 99 / O3.004

PhD candidate

Alessandro Marras
E-Mail: Alessandro Marras

Phone: +49 (0)40 8998 5702

Location: 99 / 03.008

Post Doc

Magdalena Niemann
E-Mail: Magdalena Niemann

Phone: +49 (0)40 8998 6462

Location: 99 / 03.010

Electronic Technician

Frank Okrent
E-Mail: Frank Okrent

Phone: +49 (0)40 8998 5041

Location: 99 / O3.010

Mechanical Engineer

BEAMTIME

PETRA III

FLASH

EUROPEAN XFEL

CFEL

Group Members http://photon-science.desy.de/research/technical_groups/detectors/...
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Coherent Diffractive Imaging Group

Bio-Physical-Chemistry Group
Phone: +49 (0)40 8998 6492

E-Mail: Romain Letrun

Location: 25B / 337, at DESY, Hamburg

VVIICCTTOORRIIAA  MMAAZZAALLOOVVAA

Phone: +49 (0)40 8998 6493

E-Mail: Victoria Mazalova

Location: 25B / 336, at DESY, Hamburg

IIOOSSIIFFIINNAA  SSAARRRROOUU

Phone: +49 (0)40 8998 6491

E-Mail: Iosifina Sarrou

Location: 25B / 337, at DESY, Hamburg

Petra Fromme's Group https://axsis.desy.de/axsis_team/petra_fromme_s_group
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Home → AXSIS Team → Henry Chapman's Group ·

HHEENNRRYY  CCHHAAPPMMAANN''SS  GGRROOUUPP

HHEENNRRYY  CCHHAAPPMMAANN

Phone: +49 (0)40 8998 4155

E-Mail: Henry Chapman

Location: 99, room O3.081, CFEL at DESY, Hamburg

JJUURRAAJJ  KKNNOOSSKKAA

Phone: +49 (0)40 8998 6465

E-Mail: Juraj Knoska

Location: 99 / O3.057, CFEL at DESY, Hamburg

EELLEEFFTTHHEERRIIAA  FFIILLIIPPPPAAKKII

!

Henry Chapman's Group https://axsis.desy.de/axsis_team/henry_chapman_s_group
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Phone:

E-Mail: Eleftheria Filippaki

Location: / at DESY, Hamburg

LLOOUURRDDUU  XXAAVVIIEERR  PPAAUULLRRAAJJ

Phone: +49 (0)40 8998 6224

E-Mail: Lourdu Xavier Paulraj

Location: 99 / O3.073, CFEL at DESY, Hamburg

MMAAXX  WWIIEEDDOORRNN

Phone: +49 (0)40 8998 6393

E-Mail: Max Wiedorn

Location: 99 / O3.073, CFEL at DESY, Hamburg
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Detector Group

New publication: “Photoemission from Plasmonic Nanoparticles”
We demonstrate strong-field, carrier-envelope-phase-sensitive photoemission from arrays of tailored
metallic nanoparticles, and we show the influence of the nanoparticle geometry and the plasmon
resonance on the phase-sensitive response. Additionally, from... Read more >>
Tags: Nanofabrication, Nanostructures, News, Papers, Research

12.9.2016
New publication: “Using Geometry to Sense Current”
We describe a superconducting three-terminal Y-shaped device that uses a simple geometric effect
known as current crowding to sense the flow of current and actuate a readout signal. A complete
description... Read more >>
Tags: Papers, Superconducting Devices, Superconducting Physics, Thin Films

11.15.2016
Adam McCaughan awarded 2016 Jin-Au Kong Award for outstanding PhD thesis in EE
Congratulations to Adam McCaughan for being awarded the 2016 Jin-Au Kong Award for outstanding
PhD thesis in electrical engineering. Adam's thesis, titled, "Superconducting Thin Film
Nanoelectronics," describes his work on... Read more >>
Tags: Awards, News, Superconducting Devices

11.4.2016
Professor Berggren awarded the Frank Quick Research Innovation Fellowship
Congratulations to Professor Berggren on being awarded the Frank Quick Research Innovation
Fellowship (FRIF). The FRIF was created through the generosity of EECS alumnus Frank Quick '69,
SM '70 to... Read more >>
Tags: Awards, Fellowships, Nanofabrication, News
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Quantum Nanostructures and Nanofabrication Group http://www.rle.mit.edu/qnn/
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VELASQUEZ-GARCIA GROUP

Research Research Group Publications News Contact Home

RESEARCH GROUP

Principal Investigator

Postdoctoral Associates

Graduate Students

Undergraduate Students

Visiting Investigators

Previous Group Members

Search this site

Search

Luis F. Velasquez-Garcia (Photo by Anne

Trafton, MIT News Office)

Home » Research Group

RESEARCH GROUP

Luis Fernando Velásquez-García received the
Mechanical Engineer degree (valedictorian of the
School of Engineering, magna cum laude) and the
Civil Engineer degree (valedictorian of the School of
Engineering, magna cum laude) from the
Universidad de Los Andes, Bogotá, Colombia, in
1998 and 1999, respectively, and the M.S. degree
and the Ph.D. degree from the Department of
Aeronautics and Astronautics of the Massachusetts
Institute of Technology (MIT), Cambridge MA, in
2001 and 2004, respectively.

In 2004, after completing his studies, Dr.
Velásquez-García became a Postdoctoral Associate
with the Microsystems Technology Laboratories
(MTL), where he was appointed Research Scientist in
2005, and Principal Scientist and Core Member of
MTL in 2009. Dr. Velásquez-García is an expert in
micro-and nanofabrication technologies, and his
research focuses in the application of micro- and
nano-technology to multiplexed scaled-down systems to attain better performance. He has
conducted research in micro- and nanotechnology applied to a wide range of topics including
electrospray, field electron devices, 3-D HV packaging, mass spectrometry, propulsion, and
chemical reactors. He has authored more than 37 journal publications and 60 peer-reviewed
conference proceedings, and he is the holder of 7 patents on MEMS technologies. Dr. Velásquez-
García is a senior member of the Institute of Electrical and Electronics Engineers (IEEE), senior
member of the American Institute of Aeronautics and Astronautics (AIAA), and full member of the
honor research society Sigma Xi. Dr. Velásquez-García served as co-Chair of the 15th
International Conference on Micro and Nanotechnology for Power Generation and Energy
Conversion Applications (PowerMEMS 2015), held in Boston MA in December 2015.

Luis F. Velasquez-Garcia
Principal Research Scientist
Microsystems Technology Laboratories
Massachusetts Institute of Technology
60 Vassar Street
Building 39, Room 657
Cambridge, MA 02139

t: 617-253-0730
f: 617-253-0062
e: lfvelasq@mit.edu

© Massachusetts Institute of Technology

Velasquez-Garcia Group | Research Group http://www-mtl.mit.edu/wpmu/lfv/about
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! julian.bergtholdt@desy.de " +49 (0)40 8998 - 6372 #

Home → Team → Technical Staff → Julian Bergtholdt ·

JJUULLIIAANN  BBEERRGGTTHHOOLLDDTT

Engineer

Center for Free-Electron Laser Science
Building 47c, Room L114

$  CCFFEELL  HHoommee
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Accelerator Division: DESY 

CFEL is a scientific collaboration of DESY, Max-Planck-Gesellschaft and Universität Hamburg
Imprint | © 2017 CFEL

Phone: +49 (0)40 8998 3851

E-Mail: Maria Weikum

Location: 30B, room 458, at DESY, Hamburg

GGRRYYGGOORRYY  VVAASSCCHHCCHHEENNKKOO

Phone:

E-Mail:

Location: / at DESY, Hamburg

"  CCFFEELL  HHoommee

Ralph Assmann's Group https://axsis.desy.de/axsis_team/ralph_assmann_s_group/
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10 cm 10 GeV
1 km

Microwave Accelerator Magnetic Undulator

X-rays

10 MV / m

Terahertz Waveguide Accelerator

1 mm
20 cm

20 MeV Optical Undulator

X-rays

EX ∝Ne
20.1 - 1 GV / m

à Sub-fs X-ray Pulses
à Compact Sources

X-rays from Relativistic Electrons
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Outline

§ Why THz acceleration?

§ THz guns, accelerators and beam manipulation

§ Laser driven THz sources based on optical 
rectification and cascaded optical parametric 
amplification

§ First results with low energy THz pulses

§ A first THz driven X-ray source based on Inverse 
Compton Scattering

§ Summary
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Why THz?
Increased breakdown fields
• [1] Kilpatrick, W. D., Rev. Sci. Inst. 28, 824 (1957). 
• [2] Loew, G.A., et al., 13th Int. Symp. on Discharges and Electr. 

Insulation in Vacuum, Paris, France. 1988.
• [3] M. D. Forno, et al. PRAB. 19, 011301 (2016).
• [4] W. Wünsch, IPAC (2017)

Reduced pulse energy and heating
• stored energy

• reduced pulsed heating   

• high repetition rate operation becomes possible!

Ebreak ≈
1
τ 1/6

µs à ps

ΔT ∝ EP
ASURFACE

∝
VCAVITY
ASURFACE

∝ R∝λ
High gradient acceleration
• reduced size, strong velocity bunching, short bunches – attosecond X-ray pulses, lower emittance beams

• Short acceleration distances and times: Potential to form crystaline electron pulses at the cathode

• But lower bunch charge: 10 fC – 10 pC

0.1 GV/m à 1 GV/m

or

EP~λ
-3
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Technology Wavelength timing for 0.1% Fabrication bunch charge

Conventional ~ 100 mm ~ 300 fs machining ~ nC

THz-based ~ 1 mm ~ 3 fs machining ~ pC

Laser-plasma ~ 0.01 mm ~ 0.03 fs wave excitation ~ pC

Dielectric laser ~ 0.001 mm ~ 0.0003 fs lithographic ~ fC

All-optical approach ➞ intrinsic synchronization ➞ important for small scales

Other High-Gradient Accelerators
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THz acceleration and beam manipulation takes up speed
THz Compression @ LMU/MPQ

THz IFEL interaction @ Pegasus Lab

Undulator
Magnets

CPPWG

Walsh et al., Nature Comm. 8, 421 (2017)

THz sub-luminal free-space fields @ ASTeC in Daresbury

Phase-space control & characterization of electron pulses
• compression from 930 to 75 fs; avg. 1 e @ 70 keV per pulse
• see also: SLAC arXiv:1805.03923 [physics.acc-ph]

Shanghai Jiao Tong University. arXiv:1805.01979 [physics.acc-ph]

Acceleration with < 1μJ single-cycle 0.8 THz pulses
150 keV energy modulation of 7 MeV beam using
Bunch compression by factor of two

Curry et al., PRL 120, 094801 (2018)

vp = 0.8−1.75 c
Generation of sub-luminal propagating THz fields in free space
Tunable                                       for THz-based acceleration

Pecs Group Contributions on THz generation and acceleration

Kealhofer et al., Science 359, 459 (2016)

https://arxiv.org/abs/1805.03923
https://arxiv.org/abs/1805.01979
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THz Gun & LINAC: Proof of Feasibility
• THz Gun: 0 ➞ 0.8 keV acceleration

• THz LINAC: ±7 keV energy modulation

W. Huang, et al., Optica 3, 1209 (2016)
A. Fallahi, et al., PRSTAB 19, 081302 (2016)

Energy gain [keV]

 
 

6 

 

Figure fig:specgram | THz-driven energy gain and bunch charge modulation. (a) Measured 

spectrogram showing the energy gain spectra as a function of delay between UV and THz pulses, at 

maximum THz energy. (b) Measured bunch charge as a function of delay. (c)-(d) Electron energy 

spectra for three different THz energies at delay position (c) !! and (d) !!. 

In Figures fig:specgram(c)-(d), we take a closer look at the energy spectra from the two operating points, 

!! and !!, for three different THz energies. The THz energy was adjusted by changing the energy of the 

pump pulse. It was verified via EOS that the THz field scaled proportionally as the square root of the 

energy with no variations in the waveform. 

Each spectrum exhibits a unimodal distribution with an average energy gain increasing with THz energy. 

The spectral shapes are asymmetric with a pedestal toward lower energies and a maximum yield toward 

higher energies, followed by a sharp cutoff, similar to the shape observed in RF accelerators [Righi2013]. 

The high yield near the cutoff indicates that most electrons are emitted at the optimal THz phase and 

concurrently experience the same acceleration. The pedestal can be attributed to the electrons which are 

emitted away from the optimal phase, resulting in a lower energy gain. We obtain a peak energy gain of 

0.8 keV with maximum THz energy at !!. 

Wu, Xiaojun� 18.3.16 18:29
Comment [13]: 1.This result did not come 
from the THz energy of 0-35uJ. Because this 
result is from 1.03um setup. But you put the 
Ti:sapphire THz generation result here. What do 
you mean? Do you want to claim that the 0.8keV 
was obtained by 34uJ THz from 1.03um pump 
pulses? That was cheating. 

 
2.The photocathode was easily to be damaged and 
we observed several times of the damage. When 
the best data was taken, were there already some 
damage on the photocathode? 
 
3.THz filed emission could not be avoided even a 
new photocathode was used. Therefore, was the 
result combined with THz filed emission together 
with its own THz acceleration resulting in a 
nonpure electron acceleration? 

Kaertner� 20.3.16 00:42
Deleted: relatively less

Wu, Xiaojun� 18.3.16 18:00
Comment [14]: This result is from 1.03um-to-
THz setup with the maximum THz energy of 15uJ.  
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Ez -> 0.3 GV/m

E. Nanni et al., Nat. Comm. 6, 8486 (2015)
THz Off THz On

mm-scale THz waveguide
Charge injected from 60 keV
DC-gun from Dwayne  Miller group

Parallel-Plate structure with 75 µm gap

~1-10 cm
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Segmented THz Electron Accelerator & Manipulator = STEAM

1 mJ
THz

1 mJ
THz

UV pulse

electrons

Butterfly

Gun

EZ (GV/m)0.5

-0.5

0.0

STEAM Device:
ØAcceleration
ØFocusing
ØStreaking
ØCompression

A. Fallahi, et al. PRSTAB 19, 081302 (2016)
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STEAM – Device as Accelerator and Electron Manipulator

D. Zhang, et al. 
Nat. Photonics (2018) 
doi.org/10.1038/s41566-018-0138-z

THz THz
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STEAM – Device as Accelerator and Electron Manipulator

D. Zhang, et al. Nat. Photonics doi.org/10.1038/s41566-018-0138-z

electrons

THzTHz

tTHz1 tTHz2t0

STEAM Device

B-fields Cancel: Acceleration E-fields Cancel: Deflection
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STEAM – Device as Accelerator and Electron Manipulator
Electric mode Magnetic mode
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B-fields Cancel: Acceleration at
maximum E-field

STEAM – Device as Accelerator
First THz acceleration only!

D. Zhang, et al. Nat. Photonics doi.org/10.1038/s41566-018-0138-z
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STEAM – Device as Electron Bunch Compressor

0 2-2-4 4
Deflection (mrad)

Unstreaked

Streaked beam

Beam Spatial Mode

beam

Streaking w. 150 µrad/fs
(<10 fs resolution)

Compression 
< 200 fs

STEAM
compressor

STEAM
streaker

200 mm

From
DC gun

100 nJ

100 nJ

B-fields Cancel: Zero E-Field E-fields Cancel: Zero B-Field
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STEAM – Device as Electron Bunch Compressor

D. Zhang, et al. Nat. Photonics doi.org/10.1038/s41566-018-0138-z
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STEAM – Device as Electron Lens
Panofsky – Wenzel Theorem

Peak Focussing
Strength

Ø 2 kT/m

Similar to
Plasma Lens
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Segmented THz Accelerator and Manipulator

55 keV 
Electron 
beam

Magnetic 
lens

STEAM-Buncher

Dipole magnet

E-beam spectrometer

STEAM-Linac

THz THz

THz THz

65 keV

0 2-2-4 4
Deflection (mrad)

Unstreaked

Streaked beam

Beam Spatial Mode

beam

Streaking w. 150 mrad/fs (<10 fs resolution) Compression 
< 200 fs

With Maier‘s LUX-Group 
0.6 mJ,  0.5 THz Pulses

300 ps
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Optical THz Generation based on c(2) 

Ω
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f (THz)
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372Ω = 0.5 374370

DFG

THz

f

gra
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Image of grating

J. Hebling et al, 
Opt. Express 21, 1161 (2002)

Single-cycle THz generation by Tilted Pulse-Front TechniqueNon-collinear Phase Matching

Optical bandwidth 
>> THz frequencyDFG  process

w1
w2

WTHz

Conservation of energy: Δω =ω1 −ω2 =ΩTHz

Conservation of momentum: 

IR

IRTHzPPLN 

Λ: domain period

Multi-cycle THz generation using Periodically-Poled Lithium NiobateCollinear Phase Matching
k(ω1)

k(ω2 ) k(ΩTHz )

kPPLN

k(ω1)

k(ω2 )
k(ΩTHz )

nopt ≈ 2; nTHz ≈ 5
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> 200 µJ Single-Cycle THz Pulses

Measured THz mode

Grating
λ/2

Tangential 

lens

Sagittal 

lens LN prism
THz
imaging

THz
pulse

-5 -3 -1 1 3 5

Delay [ps]

Measured THz Waveform

J. Hebling et al., Opt. Express 10, 1161 (2002)
J. A. Fülöp et al., Opt. Express 19, 15090 (2011)
S. W. Huang et al Opt.  Lett. 38(5), 796-798 (2013)
X. Wu et al., Opt. Express 24, 21059 (2016)

~1% optical to THz conversion

LN prism

Single-cylce THz generation:
ETHz ~ 200 µJ
fTHz ~ 280 GHz
DFWHM ~ 3.3 ps
IR laser: 40 mJ, 1020 nm, 1ps
0.5 % efficiency
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Quasi – Phase Matching for Multi-Cycle Terahertz
Lee, App. Phys. Lett. 77 (2000)
Lee, App. Phys. Lett. 78 (2001)
Yu, Opt. Comms. 284 (2011)

• µJ-level energies
à 10-5 conversion    
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559 GHz
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S. Carbajo et al., Opt. Lett. 40, 5762 (2015).
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(also PPLT)

Λ: domain period
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Quasi – Phase Matching for Multi-Cycle Terahertz Waves

§ Poling period of 125µm – 1200µm feasible
§ clear aperture of 10x15 mm2,  40 mm long
§ clear aperture of 4x4 mm2, 40 mm long

∼ 1 J ∼ 100 mJ

PPMg:LN

Professor Taira, 

IMS Japan
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Multi-line DFG   - Highly Efficient THz Generation 

time / TTHz1   2   3   4   5   6   7 (fIR – f0) / fTHz1   2   3   4   5   6   7

	 	

K. Ravi et al., 
Opt. Lett. 24, 25582 (2016) 

Earlier work by

M. Cronin-Golomb, 
Opt. Lett. 29, 2046 (2004)

A. G. Stepanov,
JETP Lett., 85, 227(2007)
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Record Multi-Cycle THz from Large Aperture PPLN Crystals

∼ 1 J 

3.6 cm2 cm

Large PPLN provided by 
Prof. Taira, IMS, JapanANGUS Ti:Sapphire Laser Collaboration @ DESY

LUX:
• Dr. Andreas Maier
• and Dr. S. Jolly
AXSIS:
• Dr. N. Matlis
• and Dr. F. Ahr< 1 J, 800 nm, 5 Hz

Periodically-
Poled LiNbO3

THz
Dt

Chirp & delay difference frequency generation

Optimized experiments expected to produce >> 1 mJ (~ 3 MW)

400 µJ + 200 µJ , 360 GHz multi-cycle THz pulses generated at 5 Hz

-300 -200 -100 0 100 200time [ps]

TH
z a

.u
.

0 0.2 0.4 0.6 0.7 0.8
frequency [THz]

FF
T 

a.
u.

0.1 0.3 0.5 0.9 1

500 x larger than previous record! F. Ahr et al., Opt. Lett. 42, 2118 (2017)
S. Jolly et al., in preparation

DFWHM ~ 330 ps
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1 J, 1 kHz, 1 kW Cryogenic Composite Thin Disk Laser
2 x 4 kW pumpsL. E. Zapata, et al. 

Opt. Lett. 40, 2610 (2015) 
Opt. Lett. 41, 492 (2016). Composite Thin Disk Laser
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1 J, 1 kHz, 1 kW Cryogenic Composite Thin Disk Laser

COMPILED OPERATIONS
• 20 hrs at  ½ Joule, 100 Hz  à 200 W ave pump power
• 10 hrs at 1+ Joule, 100 Hz  à 200 W ave pump power 
• 4 hrs at 1+ Joule, 200 Hz  à 400 W ave pump power
• 30 min at 1- Joule 500 Hz   à1 kW ave pump power

100
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0 20 40

KelvinPulse
Energy

(mJ)

Seed input (mJ)

Saturating extraction
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THz Acceleration in Dielectrically Loaded Circular Waveguide

§ THz phase-velocity matched to electron speed with thickness of dielectric

Dispersion Relation

w/ dielectric

w/o dielectric

Copper Inner Diameter = 940 µm
Fused Silica Inner Diameter = 400 µm

~1-5 cm

L.J. Wong et al., Opt. Exp. 21, 9792 (2013).
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AXSIS I: Start to End Simulations

Electrons: 0.3 pC, 18.8 MeV
ICS-Laser: 200 mJ, 1 ps,

20 µm focus

2 x 0.4 mJ 4 x 5 mJ

200 mJ, 1ps

Photon Number: 6 x 104 / shot
Pulse length: 10 fs
Photon Energy: 6.5 keV
10 Hz – 1 kHz

M. Fakahri et al., to be published
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Interaction PointEnd of LINAC

THz Acceleration in Dielectrically Loaded Circular Waveguide
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Summary and Outlook
Quadrupole - Lattice

8 cmCoupler

GunTHz fields enable ultra compact guns and accelerators

Laser based THz acceleration – tight synchronization

1-J, ps class lasers operating at 1 kHz repetition rate

@
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Programme Information 

Max Planck Research Award 

International Research Award 
of the Alexander von Humboldt Foundation and the Max Planck Society  

Deadline for nominations: 31 January 2014 
 

 
The Alexander von Humboldt Foundation and the Max Planck Society jointly confer the             
Max Planck Research Award, which is funded by the German Federal Ministry of Education and 
Research, on exceptionally qualified foreign and German scientists who have already achieved 
international recognition and are expected to continue to produce outstanding academic results in 
international collaborations – not least with the assistance of this award. 
 
The call for nominations rotates on an annual basis between partial fields within the natural and 
engineering sciences, the life sciences and the humanities. The Max Planck Society and the 
Alexander von Humboldt Foundation choose partial fields in order to give additional impetus to 
disciplines which have not yet established themselves in Germany or which should be developed 
further. 
 
The 2014 Max Planck Research Award will be awarded in the field of natural and engineering 
sciences  with the subject 

Quantum Nano Science. 
 

 
113 years after the foundation of quantum theory by Max Planck, researchers succeed in 
controlling materials with ever higher precision to realize exotic quantum states. Thus nano 
structured materials and devices arise, that by exploiting the most bizarre features of quantum 
mechanics – take discretisation, superposition, entanglement and many body systems as 
examples - are designed for special purposes. Such phenomena form the focus of the relatively 
young experimental field of Quantum Nano Science that has emerged at the interfaces of nano 
science, quantum optics, photonics, materials technology and quantum information. 
 
 

Sechs neue Forschergruppen, eine neue Kolleg-Forschergruppe

Themen von Mythen-Forschung über Neurodegeneration bis zu Mehr-Teilchen-Systemen

(01.10.15) Die DFG richtet sechs neue Forschergruppen und eine neue Kolleg-Forschergruppe
ein. Dies beschloss der Senat der DFG jetzt in seiner Herbstsitzung. Die neuen Einrichtungen
erhalten in ihrer ersten Förderperiode insgesamt 16 Millionen Euro. Im Ganzen fördert die DFG
damit aktuell 175 Forschergruppen sowie 15 Kolleg-Forschergruppen.

Pressemitteilung
http://www.dfg.de/../../../service/presse/pressemitteilungen/2015/pressemitteilung_nr_50/index.html

Mehr zu Forschergruppen und Kolleg-Forschergruppen
http://www.dfg.de/../../../foerderung/programme/koordinierte_programme/forschergruppen/index.html

Akademien und DFG fordern verantwortlichen Umgang mit den neuen
Methoden des „Genome Editing“

(29.09.15) Neue molekularbiologische Methoden, die gezielte Eingriffe in das Erbgut erlauben,
eröffnen vielversprechende Möglichkeiten in Forschung und Anwendung. Gleichzeitig machen
die unter dem Begriff des „Genome Editing“ zusammengefassten Methoden einen
gesamtgesellschaftlichen Dialog über Chancen und Grenzen ihrer Anwendung notwendig.
Darauf weisen die Nationale Akademie der Wissenschaften Leopoldina, acatech ─ Deutsche
Akademie der Technikwissenschaften, und die Union der deutschen Akademien der
Wissenschaften sowie die DFG in einer gemeinsamen Stellungnahme hin.

Pressemitteilung
http://www.dfg.de/../../../service/presse/pressemitteilungen/2015/pressemitteilung_nr_49/index.html

Zur Stellungnahme (pdf | 637 KB)
http://www.dfg.de/../../../download/pdf/dfg_im_profil/reden_stellungnahmen
/2015/stellungnahme_genome_editing_2015.pdf

Der Blick in die Erde und auf die Sonne – Bernd Rendel-Preis 2015 zeichnet
frühe Erfolge in den Geowissenschaften aus

Eleanor Berryman und Benedikt Soja erhalten Auszeichnung im Rahmen der Jahrestagung der
Deutschen Geologischen Gesellschaft am 6. Oktober 2015 in Berlin

(25.09.15) Vielversprechende geowissenschaftliche Forschung mit internationalem Potenzial,
das zeichnet der Bernd Rendel-Preis der DFG aus. Geradezu prototypisch stehen dafür die Britin
Eleanor Berryman und der Österreicher Benedikt Soja, die den Preis für noch nicht promovierte
Wissenschaftlerinnen und Wissenschaftler 2015 erhalten. Die Jahrestagung der Deutschen
Geologischen Gesellschaft in Berlin gibt zudem den passenden Rahmen für die Preisverleihung
am 6. Oktober.

DFG - Deutsche Forschungsgemeinschaft http://www.dfg.de/
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