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A Free Electron Laser is a device that converts a fraction of
the electron kinetic energy into coherent radiation via a
collective instability in a long undulator

(Photons/s,0.03%BW) at 3.6kA (Peak)

1019

5-2001
8560A112

2
-]
=1
[
£
=
N.
g
g
o
o
©
Yt
g
)
v
»n
=
-
=}
=
&
v
o
=
=
—
‘B
==}
—
<
v
B

10° 10°

Energy [eV]
Radiation properties:

GW power - Monocromaticity - Tunability from IR to X— Short pulses




SYNCHROTRON LIGHT OPTIONS AT SUPER-B’

W. Wittmer, Y. Nosochkov, A. Novokhatski, J. Seeman, M. K. Sullivan
SLAC National Accelerator Laboratory, Menlo Park, CA, USA

M.E. Biagini, P. Raimondi
INFN/LNF, Frascati (Roma), Italy
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Electron source and acceleration
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Magnetic bunch compressor (<1 ps)




Long undulators chain




Beam separation and THz source




Experimental hall (Single Protein Imaging)

http://lcls.slac.stanford.edu/AnimationViewLCLS.aspx
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A hard X-ray FEL with the SuperB linac

Injector RF Layout ‘

— ._-.,.h_"_\. SHB
K - -
4 S-band klystrons
12 accelerating sections

2

Magn Comp

et
= oo
e

B (o —9\4 276 MeV-23MVim
= Y - g - .
L I N S Sp——— --————ﬁ

POL. {
GUN .;'3:,——“—’5-“”"", T T\ .
A Bsieo

3 22 S-band klystrons

Al T S I
- AA Mﬁ\, 80 w.vA A ‘ 88 accelerating sections A
Injector ~ 700 MeV C-Band Advanced Exp




Shared time between FEL and SuperB injection

If the linac repetition frequency is 100 Hz it is possible to accelerate in the linac
a pulse for the XFEL during the store time of the positrons in the DR without
affecting the injection rate for SuperB.

As it is shown in the sketch below it is possible to provide a repetition
cycle of 30 ms for each beam: positron injection, electron injection and a
dedicated linac pulse for XFEL. The time duration available for the XFEL
pulse, due to the SLED system used for the linac cavities, is of the order of 100

ns.

e- prod. e+/br;od. e- prod. e+ prod.
\_ G \_ -

e+ Inj. e-Inj. FE e+ Inj. e-Inj. FEL

30 msec

Repetition cycle 30 ms for each beam:
- electron injection

- positron injection

- FEL beam




Resonant wavelength [nm]
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Saldin et al. SASE FEL scaling laws
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Saturation Power [GW]
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Preliminary GENESIS simulations

SPARC-like | Shortperiod | 1o,
Period 2, (cm) 2.8 1.8 10°
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Self-seeded SASE FEL
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Accelerator Layout Schematic
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Photon energy

1-20 MeV

Spectral Density

> 10° ph/sec.eV

E<360 MeV

Bandwidth (rms)

<0.3%

# photons/shot within bandwidth

2-6'10°

Source rms size
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Source rms divergence
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Linear Polarization >95 %
Macro rep. rate 100 Hz

# of pulses per macropulse <25
Pulse-to-pulse separation > 15 nsec




SPARC bunker
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Ultra-Smali
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Head of a

Flea —1mm

. =
Human hair Mi
~30 um wide icro gears

— —100 um 10 -100 pm
W diameter

DVD track

» -
¥

0. &7 J)

-6 VL
Red blood cells 10 m/ I[ m —
10 um §

& Whlte Ce“ - 5“'m _—

1 um Electrodes
100 nm connected with
nanotubes
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The Nanoworld
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Water —0.1 nm

Atomic corral -
molecule

~ 14 nm diameter




“Plenty of Room at the Bottom™
Richard P. Feynman
December 1959

I inagine experimental physicists must often look
with envy at men like Kamerlingh Onnes, who
discovered a field like low temperature, which
seems to be bottomless and in which one can go
down and down. Such a man is then a leader and
has some temporary monopoly in a scientific
adventure.

I would like to describe a field, in which little has
been done, but in which an enormous amount can be
done in principle. Furthermore, a point that is most
important is that it would have an enormous
number of technical applications.

What I want to talk about is the problem of
manipulating and controlling things on a small scale.

As soon as I mention this, people tell me about
miniaturization, and how far it has progressed
today. They tell me about electric motors that are
the size of the nail on your small finger. But that's
nothing; that's the most primitive, halting step in
the direction I intend to discuss. It is a staggeringly
small world that is below. In the year 2000, when
they look back at this age, they will wonder why it
was not until the year 1960 that anybody began
seriously to move in this direction.

Why cannot we write the entire 24 volumes of the
Encyclopedia Brittanica on the head of a pin?




Radiation

Spray substrate with
developer solution

Mag = 10.00K X Date :27 Sep 2006
Signal A = InLens

* Extreme UV Lithographt is the candidate technology with <560-35 nm

®* Cost effective solutions based on FEL sources can be foreseen




FIRST FLASH DIFFRACTION IMAGE OF ALIVING CELL

FLASH soft X-ray laser, Hamburg, Germany

FLASH pulse length: 10 fs
Wavelength: 13.5 nm

RECONSTRUCTED
CELL STRUCTURE

Filipe Maia, Uppsala

J. Hajdu, I. Andersson, F. Maia, M. Bogan, H. Chapman, and the imaging collaboration

| | |
30 60 o0 60

Resolution length on the detector (nm)
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Clusters are small bits of matter composed of anywhere
from a few to tens of thousands of atoms.

omall particles are different from bulk matter; finite
size effects influence all properties of matter.

Examples are tiny carbon spheres and carbon tubes
that are considered promising candidates for use as
nanotechnological components.

(17 000 copper atoms in the picture on the right).

Limited photon energy of standard laser systems
prevents measuring the full valence electron structure
as well or performing photon energy dependent
spectroscopy across shallow core edges

The beam intensities available at 3rd generation
synchrotron radiation facilities are still far below what
is required for meaningful gas phase experiments.




Ultra-Fast
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Magnetic recording

. Computing time Moes
Hydroge_zn per bitis ~ 1 ns time per bitis ~ 2 ns
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Lawrence Livermore National Laboratory (LLNL)

Using extremely short and intense X-ray pulses to
capture images of objects such as proteins before the X-
rays destroy the sample.

Single-molecule diffractive imaging with an X-ray free-
electron laser.

Individual biological molecules will be made to fall
through the X-ray beam, one at a time, and their
structural information recorded in the form of a
diffraction pattern.

The pulse will ultimately destroy each molecule, but not
before the pulse has diffracted from the undamaged
structure.

The patterns are combined to form an atomic-resolution
image of the molecule.

The speed record of 25 femtoseconds for flash imaging
was achieved.

Models indicate that atomic-resolution imaging can be
achieved with pulses shorter than 20 femtoseconds.
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Figure 3.3. Photosynthetic water splitting and a hydrogenase powered by a light-
harvesting antenna complex. [Source: W. Lubitz, E.J. Reijerse and J. Messinger,
Energy Environ. Sci. 1, 15 (2008)]

Chemical reactions often take place
incredibly quickly: orders of magnitude of
femtosecond are not rare. The atomic
changes that occur when molecules react
with one another take place in moments that
brief.

The XFEL X-ray laser flashes make it
possible to film these rapid processes with an
unprecedented level of quality.

Since the flash duration is less than 100
femtoseconds, images can be made in which
the movements of detail are not blurred.

And thanks to the short wavelength, atomic
details become visible in the films.

To film a chemical reaction, one needs a series of pairs of X-ray laser flashes.

The first flash in each pair triggers the chemical reaction. With the second flash, a snapshot is then

made.

The delay between the two flashes can be precisely modified to within femtosecond and a series of
snapshots can be made at various times following the start of the reaction.

In each case, the images are of different molecules, but these images can be combined into a film.




Axion-Like Particle Generation with the
Free-Electron Laser VUV-FEL

A. Ringwald

http: //www.desy.de/ " ringwald

e AR, “Fundamental physics at an X-ray free-electron laser,” arXiv:hep-ph/0112254

e R. Rabadan, AR and K. Sigurdson, “Photon regeneration from pseudoscalars at X-ray
laser facilities,” arXiv:hep-ph/0511103

e U. Kotz, AR and T. Tschentscher, “Production and detection of axion-like particles at
the VUV-FEL: A study of feasibility,” in progress




Polarization experiments

“P].enty Of ROOII]_ a,]_SO ]_I]_ “Vacuum magnetic dichroism and

e Send linearly polarized laser beam birefringence”

the Vacuum” through transverse magnetic field =-

measure changes in polarization state

[Maiani,Petronzio,Zavattini ‘86]
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for small masses, mié/élw < 1. [Brandi et al. "01]

— Axion-Like Particle Generation . . . —

Photon regeneration “Light shining through a waII”

e Production: Polarized laser beam
along transverse magnetic field, such

that E || B = conversion v — ¢

Absorb laser beam in wall [Sikivie (1983 :Ansel'm (1985);Van Bibber et al. (1987)]
Detection: Detect photons behind
wall from back conversion (¢ — =)
in second magnetic field:

BFRT experiment:
(Brookhaven, Fermilab, Rochester, Trieste)
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[Cameron et al. (1993)]
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