





Building on bubbles (zinc
electrodeposition):

substrateT gas bubbles T
overlayer solution
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X-ray (micro)tomography:

A single (projection) x-ray
image does not deliver
three-dimensional
information

Many x-ray images
taken at different angles
can be computer-
reconstructed in three
dimensions -- and can
even give movies

n [Computerj
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Phase contrast
micro-tomography:
housefly

Yeukuang
Hwu, Jung
Ho Je et al.
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Phase contrast
micro-tomography:
navigating inside
micro-vessels

Yeukuang
Hwu, Jung
Ho Je et al.
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From
nanofabrication

to nanoanalysis

Y.S. Chu, J. M. Yi, F.
De Carlo, Q. Shen, W.-
K-Lee, H. J. Wu, C. L.
Wang, J. Y. Wang, C. J.
Liu, C. H. Wang, S. R.
Wu, C. C. Chien, Y.
Hwu, A. Tkachuk, W.
Yun, M. Feser, K. S.
Liang, C. S. Yang, J. H.
Je, G. Margaritondo

Agglomerated Au nanoparticles
attached to cancer cells
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New types of sources:

» Ultrabright storage rings (SLS, new
Grenoble project) approaching the
diffraction limit

- Self-amplified spontaneous emission
(SASE) X-ray free electron lasers

- VUV FEL’s (such as CLIO)
- Energy-recovery machines

- Inverse-Compton-scattering table-top
sources
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So far, we dealt with synchrotron
sources with laser-like
characteristics -- but not with
real lasers:

- Can we go to true lasing?

- ANSWER: not only we can, but
we must -- the present
synchrotron sources are
reaching their natural limits
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The absolute geometric limit for
coherence and brightness:

Take a standard photon source
with no lateral coherence ...

... with a pinhole (size &), we can
extract coherent light with good
geometrical characteristics (but
at the cost of losing most of the

emission)

However, if the pinhole size is too small
diffraction effects increase the beam
divergence so that:

EO> A

No source geometry beats this diffraction limit
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Free-electron lasers (FEL’S):

(b) ‘pT

clectron wigglcr

optical
accelerator ﬂ
cavity

‘o
A lasing mechanism requires optical amplification: for an
FEL, the amplification is given by the interaction of the

electrons passing through a wiggler (or undulator) with
previously emitted photons waves
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Why do we need a wiggler?

The transverse electron oscillations
induced by the wiggler are required to
activate the interaction between electrons
and emitted photon waves that produces
optical amplification:

They enable energy transfer between the
electrons and the photon waves

Furthermore, they assist the photon
waves in “microbunching” the electrons
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Details of FEL mechanism:

| — i I

» The initial emission intensity is proportional to the number of electrons, n

* The subsequent microbunching increases with the wave intensity, thus
IS also proportional to n

» The final amplified intensity is proportional to n?
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Microbunching makes
the difference!
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Key factors for strong optical
amplification, leading to FEL action:

1. A well-defined_electron eqergy
limited energy spread” xgz«;

2. A small transversescross secho?f*

of the electron beam.. —

. Small angular.deviations.of the
real electronitrajectories;fronithes
“reference path? ;

. The optical amplification mcreases

with:

* The wiggler length

* The numbexriol wiggler periods, squared
» The electronibeami currentidensi

» The wavelength

a FELs are much
easier to build and
operate for
infrared photons
than for x-rays
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Furthermore, for infrared FELSs the
optical gain can be assisted by the use
of an optical cavity (two mirrors).

This is not possible for x-ray FELs (no x-
ray mirrors!)

Example of working infrared FELSs:
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The free electron las
facility of tiae

University of Californ'a'-'ff,;_
at Santa Barbara =
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Use of infrared FEL’s:
The scanning near-field optical
microscope (SNOM) -- like a “stethoscope”

Heart:
H Frequency = 30-100 Hz
/ X Wavelength A =102 m

Accuracy in localization =10 cm = A /1000

Small Small
aperture distance

\ SNOM resolution: well
below the “diffraction

Coated Microscopic Ilrplt of standard
small-tip light- microscopy (= A)

optics emitting
fiber object
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20x20 ym? SNOM image of growth
medium (A. Cricenti et al.):

Intensity line scan

S-0 & N-O
vibrations &
(A =6.95 um)

I Resolution
~0.15 um << A

SNOM topography
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Self-Amplified Spontaneous Emission X-
ray Free-Electron Lasers (SASE X-FEL’s)

For most lasers: the optical amplification I I
is enhanced by an optical cavity (two
mirrors)

X-ray lasers: no mirrors — no optical cavity —

lasing requires enough optical amplification in
one pass

SASE strategy: Wiggler

LINAC (linear accelerator)

Microbunching must produce enough optical
amplification for one-pass lasing
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April 21, 2009 - New Era of Research Begins as World's First Hard X-ray Laser Achieves
"First Light"

X-ray laser pulses of unprecedented energy and brilliance produced at SLAC
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Conceptual Design Report
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SASE-FEL coherence:

Full lateral (space) i | irst coherence
coherence all the axperiments on

way to the hard x- he Tesla Test
rays acility: full

Intensity [a.u.]
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SASE-FEL’s: an
exciting future

Full coherence

Unprecedented concentration of
electromagnetic energy in space and time: new

physics?
Ultrashort (femtosecond) pulses: real time
chemistry

One-shot diffraction -- taking the data “before”
the x-rays cause the object explosion: protein
crystallography without crystals?
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