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o Overview

Needs for generating isolated attosecond x-ray pulses via
HHG:
Phase-stable few-cycle driver pulses at long wavelengths

attosecond measurement technique:

streaking
What to do with attosecond pulses?
Pulse duration measurement at LCLS
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Cosine waveform
E(t) = E,(f)cos(w, t + @) Vsl

= AN

Sine waveform
¢ = 7/2

TH|A~525-25. 5@\, ~ 0.75 pm)

Requires measurement & control of ¢
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CEP of consecutive phase-stabilized pulses
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consecutive time-of-flight ATl spectra of
rescattered electrons (laser rep. rate = 3kHz)
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' Parametric (Lissajous-like) representation
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Non-phase-stabilized laser shots as they’re arriving.::::;

MPC

0 laser shots .
non-stabilized shots has
random phase distribution
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High-order Harmonic Generation in the gas phase s
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Step 1

Optical field ionization

Step 3

XUV emission on recollision
E.(t)

Step 2 AW

e Acceleration
E.(t)

" P.B. Corkum, PRL 71 (1993)
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(hw)pax = Ip + 3.17U;
Up = 2E2/4mm

w frequency of HHG

I,:  atomic ionization potential
Up: Kkinetic energy of the electron
E:  amplitude of electric field
wo: laser frequency

m:  mass of the electron

e: charge of the electron

using an IR driving field
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IR — driven HHG

Cut-off ~1.6 keV
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~ Recombination Emission from Strongly-Driven Atoms::::
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Multi-cycle driver pulse : T, » 7,
High-order odd harmonics of the driver laser
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Cut-off harmonics: train of attosecond bursts

Paul et a/, Science 292, 1689 (2001)

L'Huillier, Balcou, 1993, PRL 70, 774
Macklin et a/, 1993, PRL 70, 766 Tsakiris, Charalambidis et a/, 2003



steering bound electrons with controlled light fields:

the birth of an attosecond pulse
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o attosecond xuv/x-ray pulse generation
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~ attosecond pulse generatiormand measurement
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onization with an Isolated Attosecond Pulse i

AP()=e[E, ()it

Mo-Si multilayer mirror

delay possible

N _/ ;
Time-of-flight «
spectrometer

Nozzle

Detection as in: _ XUV cut-off energy: ~100 eV
Kienberger et al., Science 297, 1144 (2002) Mirror reflectivity bandwidthup to: 30 eV (FWHM)
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Ionization at different instants of time
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final momentum of photoelectrons ILT
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depending on the release time
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Ny Mapping Time to Energy VRS
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Laser electric field
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Optical Streak Camera, 1834

Streak camera
with rotating
mirror
Wheatstone, 1834

Light emission !

+1

+2

+3

+4

+5 +B
microseconds

1ull

TECHMISCH
LNIVERSITA
MOMCHER



J\VA A o
V'V

GO

R. Kienberger et al, Nature 294 (2004)

sampling field oscillations
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482 a streaking trace T
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Photoelectron energy ( eV)
Photoelectron energy ( eV)

—4 -2 0 2 4
Delay (fs) Delay (fs)
10{ C
, 3
~ 0.8 4 S
= N
Y e £ S
= 805 as g 8 2
5 L2 8 —= =
2] o
2 04 4 & £ =
> [F]
5 L7
< 02 4 i >
-
< " 4" =(1.5£0.2)x10° as?
-300 =200 -100 0 100 200 300 40 S0 60 70 80 90 100 110
Time (as) Photon energy (eV)

Goulielmakis et aJ, Science 320, 1614 (2008)

1ull

TECHMISCH
LUNIVERSITA
MOMCHER



TECHMISCH
JCHEFR

UMNIVERSITA
MOR

v
=
£
S
Q
o
)
<




real-time observation of multi-electron dynamics 1t
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MPO & conduction-band (Fermi-edge) electrons in tungsten;'
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N4 as spectroscopy of clean metal surface

Samples:
Re(0001) and W(110)

Photon energies:
90, 120, 130 eV

Core level electrons
delayed by 55 — 90 as.

Spectrogram analysis:
retrieval algorithm based on
analytical solution of TDSE

Re (0001)

time (fs)

Delay of 4f core levels relative to CB:
64 + 10 as
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Propagation effect » /
4

Assumption: 7
streaking acts outside solid

EJ_ vac
- Different inelastic mean free ——~16

E soli
path - different depth profile L solid \

« Different group velocity ®© 00 0 =ee ?o ®
(final-state effect?) © 060 0ic=0 0 00 o
e 00 0 o 0 .2. o Substrate
- 4f emitted after CB © 06060 =0 0 00 o
localizea electron states
Theory: delocalized

A. Kazansky et al., PRL 102, 177401 (2009).
C. Lemell et al., PRA 79, 62901 (2009).

C.-H. Zhang et al., PRL 102, 123601 (2009).
J.C. Baggesen et al., PRA 78, 32905 (2008).
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Current Effort: Absolute Emission Time (NVERSTR
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' Wcond
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Photoelectron kinetic energy

geometric effects....



i: What about the reference? Ne 2s / 2p gas phase M
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Outlook

- Generation of UV pulses for excitation
of molecules: UV-pump/XUV-probe

- Charge-transfer in molecules and soldis



vw Attosecond 2PPE

Goal: study excited state dynamics with as to few-fs time resolution
Requirements:

synchronized with
|solated XUV probe pulse (hv= 80-130 eV) TOF

+ el

_ variable At

»
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Intense pulses in the deep ultraviolet s

Few cycle pulses
750 nm

N

T

Gas target,
Ne 1 -9 bar

MOMCHER

U. Graf et al., Optics Express 16,18956 (2008)
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Emission of UV light at different target pressures .
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Intense (>2 nJ) pulses in the deep 1t

Wavelength [nm]

Intensity [arb. u.]

TECHMISCH

ultraviolet

200 200

220 220
240 T 240 ]
=
260 £ 260 '
p=2
3
280 E 280 .
300 = 300 _
320 320
-10 -5 1] 5 10 -10 -5 0 5 10
Delay [fs] Delay [fs]
2n 2n
1.04 1.0
0.8+ — (0.8 -
0 > 1 o
- £
0.6 . g i 0.6 - g
‘\-v-\f"u.- =TT 5] e, | =TT 5]
0.4 1 2 § 044 3
E 4
0.21 0.2 1
0.0 — 0 0.0 . r . T T 0
-15 5 10 15 200 220 240 260 280 300 320
Time [fs] Wavelength [nm]
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Autocorrelation trace on Kr ion yield
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PO Colllnear generation of UV and XUV

XUV
’C > 80 as
NlR/VIS Neon
T<4fs ca0203bar
400 udJ
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Isolated XUV attosecond pulses
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A. Baltuska et al., Nature 421, 611 (2003)
E. Goulielmakis et al., Science Vol. 320 (2008)

Intense sub-4 fs pulses in the deep UV
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Colllnear generation of UV and XUV

4

NIR/

Meon Neon
ca 3-5 bar ca 0.2-0.3 bar

rgon
a1bar




o Collinear generation of UV and XUV
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- Exciting an electron wavepacket in a molecule
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Oriented molecules on a surface

photoelectron-

xuv-attosecond
spectrometer

probe

energy and
angular resolved
photoelectrons

attosecond
wavepacket

e

Langmuir- "<~
Blodgett &
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film on |
subtrate
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..~ probing charge transfer/migration in complex (bio-)molecules? =
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F..Remacle, R. D. Levine, PNAS 1083;, 6793;(2005)

=05 fs " t—075fs
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X-ray
Pulse duration measurement
at LCLS

In collaboration with:
DESY, CFEL, Ohio State U., Dublin U., SLAC
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\ Laser-field dressed photoelectrons

Mg =2 pm
T0/2 =3.3 fs Electron
energy
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,short“ X-ray pulse
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4 single-shot streaking measurement of 7, ,,, v
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% Maximum broadening!
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X-ray
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taking into account: - photon energy jitters by 1 % %

- bandwidth jitters (7 eV + 3
eV)
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spectra sorted acc. to phase cavity timer
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spectra sorted acc. to phase cavity timer
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