L aboratory for
UV and X-ray

R

Optical Research M

MANAGING OF ULTRASHORT PULSES

BY TIME -PRESERVING OPTICAL
CONFIGURATIONS

L. Poletto
CNR - National Institute for the Physics of Matter

Laboratory for UV and X - Ray Optical Research
Padova, Italy

e-mail: poletto@ dei.unipd.it

Workshop on Advanced Photon Sources, Daresbry, June 3 -4, 2008



. Laboratory for
OUﬂIne UV and X-ray M

Optical Research M

A SPECTRAL SELECTION OF ULTRASHORT PULSES BY MEANS OF
DIFFRACTION GRATINGS

A REALIZATION OF A TIME-DELAY COMPENSATED MONOCHROMATOR
A SPECTRAL FILTERING OF FEL PULSES
A SCHEMES FOR FEL PULSE COMPRESSION

A POWER HANDLING ISSUE

Workshop on Advanced Photon Sources, Daresbry, June 3 -4, 2008



High - order harmonics generation o M
Optical Research maf“

1.0 T T T T T T T T T T T

| 30fs laser pulse

0.75 _

0.50- 7

I,

10 T T T # T T T T T T T T
| sub-10fs laser pulse

0.75- ﬂ _

0.50-

0.25 HH spectra in Helium, 300 uJ laser pulse

il

0.0 I . I . I . I . I .
5 10 15 20 25 30 35

wavelength iim)

<

Workshop on Advanced Photon Sources, Daresbry, June 3 -4, 2008



- Laboratory for
HHs selection UV and x-ray M

Optical Research M

Let us consider the problem of the extraction of a single harmonic (or a
group of harmonics) within a broad HH spectrum to obtain an ultrafast
EUV pulse at a suitable wavelength

— EUV TUNABLE MONOCHROMATOR FOR HHs

THE MONOCHROMATOR HAS TO PRESERVE THE TEMPORAL
DURATION OF THE EUV PULSE AS SHORT AS IN THE GENERATION
PROCESS

This is crucial in order to have both HIGH TEMPORAL RESOLUTION and
HIGH PEAK POWER
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1. The time broadening of the ultrashort pulse may be forced by a FILTERING OF
ITS SPECTRUM.
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2. A PATH LENGTH DIFFERENCES for the diverse spectral components causes a
severe time broadedning at the exit of the monochromator
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The wavelength selection is operated by a concave diffraction grating, which
provides also the focusing . The optical path of a ray differs from that of the
neighbor by the quantity 6, = mMmA, where m is the diffraction order. The total
difference, between the path on first to last groove is

Agp = NMA

Es: beam with 10 mm diameter and A=40 nm, 600
gr/mm grating

= 6000 illuminated grooves
= total path -difference Aop = 240 um, i.e. A; = 800 fs
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For a given resolution A/AX, the minimum number of illuminated grooves (first
diffracted order) is N = A/AA (Reileigh criterion) .

This gives a broadening on the focus that is ~equal to the Fourier limit .
J? _
A

/2

If the number of grooves that are illuminated is the minimum for
a given resolution, the broadening given by a diffraction grating
can be neglected.

PROBLEM !

When working with gratings at grazing incidence, the illuminated area is long and
the number of illuminated grooves is normally far superior to the limit .

The problem of time preservation has to be analyzed !
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The mechanism which originates the path difference must be canceled .
The selection of a spectral portion is realized by a slit on the focal plane.

A equalization of path length for diverse spectral
components

A combination of two diffractive elements in
negative dispersion

A correction of the optical aberrations N

DRAWBACKS OF THE TWO  -GRATING
DESIGN

A LOW EFFICIENCY (two gratings) &

A IT IS DIFFICULT TO REALIZE ATIME -DELAY
COMPENSATED MONOCHROMATOR WORKING AT
GRAZING INCIDENCE ON A BROAD BAND

P. Villoresi, Appl. Opt. 38, 6040 (1999)
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A The spectral selection of ultrashort pulses in the XUV by means of
diffraction gratings has to be implemented by a time -delay
compensated configuration

A Double -grating configuration: the temporal length of the pulse is
preserved
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OFF-PLANE MOUNT = the incident and
diffracted wave vectors are almost parallel
to the grooves

The direction of the incoming rays is
described by two parameters, the altitude vy
and the azimuth (o, B)

The grating equation is

siny (sina + sinp) = mlo
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Off - plane mount: efficiency

THE EFFICIENCY IS CLOSE TO THE REFLECTIVITY OF THE COATING
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higher efficiencies than the classical mounting can be obtained.
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, SO much
EUV efficiency of gratings in the off -plane
mount measured at Elettra (Trieste)
Grating : 600 gr/mm, 7 deg blaze angle, gold-

coated, 11° altitude

EFFICIENCY : 55% AT 80 NM !l

M. Pascolini et al, Appl. Opt. 45, 3253 (2006)

-4, 2008
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The two gratings are mounted in COMPENSATED CONFIGURATION and
SUBTRACTIVE DISPERSION .

Time compensation

1) the differences in the path lengths of rays with the same wavelength that are
caused by the first grating are compensated by the second grating

2) rays with different wavelengths within the spectrum of the pulse to be selected
are focused on the same point

Focusing
The focusing is provided by the toroidal mirrors

Spectral  selection
A slit placed on the intermediate focus carries out the spectral selection of the

HHs

Wavelength  scanning
The wavelength scanning is performed by rotating the gratings around an axis
tangent to the surface and parallel to the grooves

L. Poletto, Appl. Phys. B 78, 1013 (2004)
L. Poletto and P. Villoresi, Appl. Opt. 45, 8577 (2006)
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HHs source
Plane
grating 1

Toroidal

mirror 1 Intermediate

slit Toroidal

Toroidal
mirror 2

grating 2

Output focal
point

Workshop on Advanced Photon Sources, Daresbry, June 3 -4, 2008



Laboratory for
Time -delay compensated monochromator UV and X-ray M

Optical Research M

Monochromator chamber Generation chamber

Toroidal mirrors  Intermediate  Tgroidal mirrors

\ T"t / \ HH source

T_.E
I T
Grating 2 Grating 1 Valve for gas

injection

L. Poletto et al, CLEO2006, oral presentation
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Optical performances

Toroidal mirrors

300 mm
87 deg
11500 mm
31.4 mm

Entrance/exit arm

Incidence angle

Tangential radius

Sagittal radius

Plane gratings

Groove density | 400 grooves/mm
3 deg

6.5 deg

Altitude anglel

Blaze anglé

Wavelength regior 20 nm-60 nm

Harmonic | Azimuth® | ABEWHM ASLIT ATOT
order (deg) (um)
H15 (53.3nm) 11.8 25x 36 |64 pum (210fs)| 1.2 um (4.0fs)
H19 (42.1nm) 9.3 20x 25 |50 pum (170fs){0.8 um (2.5fs)
H31 (25.8nm) 5.7 15%x 15 |30 pum (100fs) | 0.3 um (1.0fs)
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Focus of IR pump
pulse - HHs source
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Intensity (arb. units)

mirror 1
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Plane
grating 1

Toroidal
mirror 2

IR dressing pulse - varied delay
with pump pulse

1.0¢

0.8}

0.6}

04}

0.2}

XUV focus -
Ar gas jet

Time-of-flight
spectrometer

XUV Absolute
photodiode

Optical Research M

The temporal characterization is achieved
by cross-correlation measurement of the
XUV pulses with a synchronized 25-fs,
800-nm pulse at 1-kHz repetition rate.
The harmonic pulse ionizes a gas in the
presence of the infrared (IR) field. When
the two pulses overlap in time and space
on a gas jet, sidebands appear in the
photoelectron spectrum, spectrally shifted
by the IR photon energy. The sideband
amplitude as a function of the delay
between the XUV and IR pulses provides
the cross -correlation signal .
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H23
1=8fs

L. Poletto et al, Opt. Lett.
32,2897 (2007)
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compensated monochromator Optical Research

Design and realization of a time -compensated monochromator with
gratings in the off -plane mount

Spectral selection of HHs within a broad spectral interval
Preservation of the pulse time duration
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The spectral filtering of a FEL pulse may be required :
A To select higher harmonics and filter out the fundamental
A To filter out the background radiation and higher harmonics

A low -resolution grating monochromator could be used as a tunable filter
in the XUV and soft X-ray, from 30 eV to 2 keV.

Example of plane mirror/plane grating design for FEL source

Plane grating

’—\ Focusing mirror
Plane mirror — — H
——d Exit slit

From FEL source

—_— a— —— |
— Fiiiidiimii —— |
Plane mirror Plane grating
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Tunable in the 20 eV -100 eV range
Low resolution gratings : pulse duration ~10 fs
High resolution gratings : pulse duration ~50 fs
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