Characterisation and application of
XUV pulses : the RABITT method

Reconstruction of Attosecond harmonic Burst By
Interference in Two photon Transition
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Temporal profile of a group of

Question: Are the phases of the dihearﬁ mrﬁnsl C&ed?
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Prediction of the SFA

The spectral phase seems to be random The temporal profile present 2 attosecond
peaks per half period.
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Contribution from the short and long trajectory!!

Questions:
_Can we select only one pulse ? ‘ Yes by phase matching
_Can we characterize it ? ‘ Yes using the RABITT technique

P. Antoine et al. Phys. Rev. Lett. 77, 1234 (1996)



Principle of the measurement (RABBIT)

CDharm(q-l_z) -Wt + ¢ionization(q+2)

_lonisation with the XUV field in the presence of a weak
infrared field

Interference between two quantum paths

Se1 = Co + Sp*cos(2wt - Ady ., - AD

ionization)

tharm(q) +wt+ d)ionization(q)
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Photoelectron spectrum

Paul et al. Science 292, 1689 (2001)

Sqrr = Co + Sp*cos(2wt - Ad, - AP
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Linear slope?



How to analyse the photoelectron
spectrum

Sideband intensity:
Sqer ™ €OS(2wt -- A%)

Acbharm = d)harm (q+2) - d)harm (q)
~2w,*dd,,,., (a+1)/dw

~2w,* t (g+1)
Emission time

-1 ] b | 2
APT-probe delay (in units of Tr)

The linear slope means that the emission time varies linearly between the
. : . SN
harmonics # Constant chirp (Group delay dispersion)!!! GDD = 2, /dw?
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Y.Mairesse et al Science 302, 1540 (2003)



Cross-correlation setup
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Magnetic Bottle Electron Spectrometer
(MBES)
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Detector

XUV beam

P Kruit and F H Read, J. Phys. E: Sci. Instrum., Vol. 16. 1983.



Labview program

Current datasets

1 - 3 + 5 . 7 = 9 = 11 |- 13 |- 15 |- 17 |- 19 |- A |- -
1 372 620
4 m [
Get Intensities ' Extract Phase Differences | Reconstruct pulses L Afld dataset | | Delete dataset | EXIT PROGRAM

LOAD SPECTRUMFile | Ar_RPO.dat Selected intensity ‘#-7

Photoelectron spectrum | Copy intenl‘ty
w -

] <8> [Cursor1  [55265: IRl 8+
| [Cursor2  [a95.06 )| &

Signal (arb. units)

5 L B

=
w
|

0-

341 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 83X
Time-of-flight (ns)




Labview program
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Labview program
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Useful data

Cross section
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Application 1:

Pulse compression using filters

0.8

Can we compensate the attosecond chirp?

—0.4
Yes, using metallic filters (GDD < 0) 0

Aperture

K. T. Kim et al., Phys. Rev. A, 69, 051805 (2004)
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Intensity (arb. units)
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Lépez-Martens et al., Phys. Rev. Lett., 94, 033001 (2005)



Application 2:
Photoemission measurement delay

How long does it take for an electron to be photoionized?

@

e Group delay of an electron wave packet during photoemission

electron propagation: optics: pulse propagation
dn < Scatterin
_ g phase do
— = Tw w)=>GD(w)=—
Wigner time delay

Scattering phase: phase of the one photon matrix element.

MV (kq) oc itk

How do we measure T,,,?



Principle of the measurement (2)
(RABBIT)

lonisation from two differents states (3s-3p)
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Oscillations of the sidebands:
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Experimental results
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Experimental results

Photon Energy (units of w)

22 24 26 Wigner time delay:

200
dn
100} de
g o
S $ ]
i {
5_ -100\_/— :
Total
-200
Experiment
-300

4 6 8 10 12
Kinetic Energy s Electrons (eV)

Good agreement at high energy
Low energy: contribution from the core and resonance

Klinder et al., arXiv:1012.3863.



Labview program: change settings
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What does the notation mean?
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Photoemission measur

?;]‘ Desktop Gadgets E Device Manager

@ Ease of Access Center E Folder Options
l% HomeGroup 8 Indexing Options
&3 Keyhoard

ﬁ_ Network and Sharing Center

[ Location and Other Sensars
O Notification AreaIcons

B Performance Informatien and Tools g Personalization
m Programs and Features @ QuickTime (32-bit)

) RemoteApp and Desktop Connections
L] System

Windows CardSpace

o J Region and Language
@ Sync Center

% User Accounts

.E‘ Windows Update

Labview program: charf

@ Devices and Printers
A Fonts

7 Internet Options
B Mail (32-bit)
MVIDIA Control Panel

ﬂ;‘; Phene and Modem

& Resltek HD Audic Manager
% Sound

Ll Taskbar and Start Menu
Bl Windows Defender

@ Backup and Restory
0 Default Programs
!J Display

| # customize Format

| | Numbers | currency | Time | ate

Example

Positive: 123 456 783.00

Decimal symbol:

Negative:  -123 456 789.00

MNo. of digits after decimal: [2 V]

Digit grouping symbolk -

Digit grouping: [123456 78 -

Megative sign symbol: - -

Megative number format: [—1.1 ‘]

Display leading zeros: [0_.? V]

List separator: 3 -

Measurement system: [ Metric - ]

Standard digits: [o123456789 -

Use native digits: [Mever v
Click Reset to restore the system default settings for
numbers, currency, time, and date, - .

ok [ Gancel ][ ply

=i Getting Started
@J Java

J Mouse

@ Parental Controls
% Power Options
ff Recovery

é Speech Recognition
Troubleshooting
‘ ‘Windows Firewall

Slide11 of 11 | “Office Theme™ | <&  Swedish (Sweden) |
- pr—— §




