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§#5 %: The ability to fully characterize ultrashort, ultra-intense X-ray pulses at free-electron lasers
(FELSs) will be crucial in experiments ranging from single-molecule imaging to extreme-timescale
X-ray science. This issue is especially important at current-generation FELS, which are primarily
based on self-amplified spontaneous emission and radiate with parameters that fluctuate strongly
from pulse to pulse. Using single-cycle terahertz pulses from an optical laser, we have extended
the streaking techniques of attosecond metrology to measure the temporal profile of individual
FEL pulses with 5 fs full-width at half-maximum accuracy, as well as their arrival on a time base
synchronized to the external laser to within 6 fs r.m.s. Optical laser-driven terahertz streaking can
be utilized at any X-ray photon energy and is non-invasive, allowing it to be incorporated into any
pump-probe experiment, eventually characterizing pulses before and after interaction with most
sample environments.

N\ J 5 WOS:000311892000015

A English

SCHAZSY: Article

KeyWords Plus: ATTOSECOND PULSES; LIGHT; OPERATION; REGIME; DELAY

Hodik: [Grguras, 1.; Hoffmann, M. C.; Cavalieri, A. L.] Univ Hamburg, Ctr Free Electron Laser Sci,
Max Planck Res Dept Struct Dynam, D-22607 Hamburg, Germany

[Maier, A. R.] Max Planck Inst Quantum Opt, D-85748 Garching, Germany

[Maier, A. R.] Univ Munich, D-85746 Garching, Germany

[Behrens, C.; Duesterer, S.; Schlarb, H.] Deutsch Elektronen Synchrotron DESY, D-22607
Hamburg, Germany

[Mazza, T.; Radcliffe, P.; Kabachnik, N. M.; Tschentscher, Th; Meyer, M.] European XFEL,
D-22761 Hamburg, Germany

[Kelly, T. J.; Costello, J. T.] Dublin City Univ, Sch Phys Sci, Dublin 9, Ireland

[Kelly, T. J.; Costello, J. T.] Dublin City Univ, NCPST, Dublin 9, Ireland

[Kazansky, A. K.] Univ Basque Country UPV EHU, Dept Fis Mat, E-20018 San Sebastian, Spain
[Kazansky, A. K.] Basque Fdn Sci, IKERBASQUE, E-48011 Bilbao, Spain

[Kazansky, A. K.; Kabachnik, N. M.] DIPC, E-20018 San Sebastian, Spain

[Kabachnik, N. M.] Moscow MV Lomonosov State Univ, Skobeltsyn Inst Nucl Phys, Moscow
119991, Russia

[Hoffmann, M. C.] SLAC Natl Accelerator Lab, Menlo Pk, CA 94025 USA

JEIRE#E ik Grguras, | (B AEF),Univ Hamburg, Ctr Free Electron Laser Sci, Max Planck



Res Dept Struct Dynam, Notkestr 85, D-22607 Hamburg, Germany.
FEL B4 3tk adrian.cavalieri@mpsd.cfel.de

H i NATURE PUBLISHING GROUP

H4 R R A MACMILLAN BUILDING, 4 CRINAN ST, LONDON N1 9XW, ENGLAND
Web of Science Z7: Optics; Physics, Applied

fift 78 77 I9): Optics; Physics

IDS *5: 048EC

ISSN: 1749-4885

29 AT HIKIE AR 4 Fr 46 S - NAT PHOTONICS

ISO KU H FR¥I4E S Nat. Photonics

RIF H R TS T4 6



