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1 — Absorption, Spontaneous and Stimulated

Emission of Radiation - 1917

Albert Einstein
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THE ELECTRO MAGNETIC SPECTRUM
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Schalow &Townes - H-MASER — 1953 - 1.5 GHz, ~ pW
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Gordon Gould in 1957
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2 — Mirrors and optical cavity



3 - Population inversion

Active medium
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The Maiman Ruby Laser 694,3 nm, 10 kw, ~us

= In 1960 Maiman build the first
operational laser device.

It was a ruby laser

" In 1984 he awarded with the
Nobel prize.
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Stimulated Optical Radiation in Ruby

Schawlow and Townes' have propose L o te ho e
for the generation of very monochrom: tu 17 dia .on
in the infra-red optical region of rhe spectrum using
an alkali vapour as the active medinm. Javan® and
Sanders® have discussed proposals involving electron.
excited gaseous systems. In this laboratory an
optical pumping technique has been successfully
applied to a fluorescent solid resulting in the attain-
ment of negative temperatures and stimulated optical
emission at a wave-dength of 6943 A.; tho active

material used was ruby (chromium in
corundum).

A simplified energy-lovel diagram
for triply iomized chromium in this
crystel is shown in Fig. 1. When
this materal is radiated with energy
wt o wave-longth of about 5500 A,
chromium ions ave excited to the
‘I, state and then quickly lose some
of their excitation energy through
non-radiative trausitions to the 2K
state!. This state then slowly decays
by spontaneously emitting a sharp
doublet. the cormponents of which
at 300° K. are at 6943 A, and 6920 A.
(Fig. 2a). Under very intense excita
tion the population of this meta-
stable state (*E) can become greater
than that of the ground-state; this is
the condition for negative tempera-
tures and consequently amplification
via stimulated emission.

To demonstrete the above effect o
ruby erystal of 1-cm. dimensions costed
on two parallel faces with silver was
irradiated by a high-power flash lamp ;
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the emission spectrum obtained under these condi-
tions isshown in Fig. 26. These results can be explained
on the basis that negative terperatures were produced
and regenerative amplification ensued. [ expeef,
in prineiple, & considerably greater (~ 10¢) reduction
in line width whenmode seleciion vechniques are used®,

I gratefully acknowledge helpful discussions with
G. Birnbaum, R. W, Hellwarth, L. C. Levitt, and
R. A. Satten and am indebted to T. J. D’Haenens snd
C. K. Asawa for technical assistance in obtaining the
measuraments.
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Theodore Maiman Explains the First Ruby Laser

Laser: Solution Looking for a Problem
Loser?



Properties of Stimulated Emission
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. Monochromaticity. 2. Directionality.

Light source Laser
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Fiber optical communication

Laser pointer
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Photolithography

Compact Discs



Laser beam
reshaping the
cornea during
LASIK procedure

Light shows
Medicine

Energy Nuclear Fission



Energia massima: 7J

Energia massima sul target: ~5]J
Durata minima: 23 fs
Lunghezzad’'onda: 8oo nm
Larghezzadi banda: 60/80 nm
Spot-size @ focus: 10 pm
Potenza massima: ~300 TW

Contrasto: 10*°



T1:Sa FLAME laser
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Direct production of e-beam

-

Electron beam

INFN, Frascati, March 7 (2006)



High quality beam Plasma Accelerattion




Accelerazioen di particelle mediante laser in
plasma

20
N, [10%" 1/cm’]




Thomson/Compton Interaction region

Magnete di focalizzazione o . .
per gli elettroni Specchio di focalizzazione

2 per i fotoni laser
QSC‘j 0 ]Q
Sa )

Fascio di
elettroni

Camera di collisione Magnete di deflessione
elettroni-fotoni per gli elettroni
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1-FF310-Di01 PM1: H7732-01
2-FF01-300 PM2: H7826
PM3: H5784-20

M. Petrarca et al., Appl. Phys. B, n4, pp 319-325 (2014)

Detection module

Detection module



LIDAR - Laser Imaging Detection and Ranging




Wavelengths of commercially available atomic lasers
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(Raman shift

1.Well known and proven technology
= 2. One Laser One Color.
3. Limited by Mirrors ==> No X rays.



Ultra-Small
Nature Technology

Head of a
_1mm pin ~ 1mm
Human hair
~30 um wide

g T

Micro gears

—100 um 10 -100 um PASIAS
diameter |

! Raggi X
DVD track . o particelle

0. &)

Cristalli

Red blood cells
& white cell ~ 5um

1 um Electrodes
L-100 nm connected with
nanotubes

Virus ~ 200 nm

—10 nm Carbon nanotube

DNA helix ~ 2nm diameter

~3 nm width

The Nanoworld

©

Water

Atomic corral
molecule

~ 14 nm diameter

Pellicola fotografica
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Radiazione di

Crab Nebula

Remnant of Supernova in 1054 AD
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Radiation Simulator — T. Shintake, @ http://www-xfel.spring8.or.jp/Index.htm



GE Synchrotron
New York State

First light observed
1947



Elettra (Trieste)

ESRF (Francia)
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Monocromatore - Legge di Bragg

Fascio
incidente

Fascio
riflesso







Raggi X
o particelle
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Phase Contrast Imaging

Vacuum: n=1

Phase shift ®

Medium: n=1-6 + i

Y

Propagation direction z

Standard X-ray imaging techniques like radiography or computed tomography (CT) rely on a
decrease of the X-ray beam's intensity (attenuation) when traversing the sample, which can
be measured directly with the assistance of an X-ray detector.

In Phase Contrast Imaging however, the beam's phase shift caused by the sample is not
measured directly, but is transformed into variations in intensity, which then can be recorded
by the detector.



Amplitude Phase
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Tomografia a raggi X in contrasto di fase
Vito Mocella del CNR-IMM di Napoli in collaborazione con E.Brun e C. Ferrero dell'ESRF

Volume Rendering of an Herculaneum
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Laser ad Elettroni Liberi - FEL
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Radiation Simulator — T. Shintake, @ http://www-xfel.spring8.or.jp/Index.htm



pulse = Nu)\‘md < ]pS




Spectral Intensity

Line width



light wave:

Radiated Power :
destructive interference

—— shotnoise radiation

P oc n, (number of electrons)










electrons:

light wave:

Radiated Power :

Pocn,

5 (number of electrons} constructive interference

n, ~10° -10° —— enhanced emission







Free Electron Laser
Self- Amplified- Spontaneous-Emission
(Senza Specchi - Accordabile - Raggi X)

ondulatore

logaritmo
della
potenza

fascio
di elettroni

distanza

fascio di fotoni







Short Wavelength SASE FEL
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LCLS at SLAC
mercrs  1.5-15A

(Linac Coherent Light Source)

RF Gun

Linac O
Linac 1 \
Linac 2 \
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X-FEL based on last 1-km of existing SLAC linac




The FEL Applications




X-Rays have opened the Ultra-Small World
X-FELs open the Ultra-Small and Ultra-Fast Worlds

Ultra-Small

Nature
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Technology

Head of a

' pin ~ 1mm

Micro gears
10 -100 um FaW,
diameter

DVD track

1 um Electrodes
connected with
nanotubes

Carbon nanotube
~ 2nm diameter

Atomic corral
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Ultra-Fast

Nature Technology

1ns

—
i
Computing time Magnetic recording

Hydrogen

: per bit is ~ 1 ns time per bitis ~ 2 ns
transfer time
in molecules 100 ps
is~1ns
-
. Optical network switching
Spin precesses H . o
inp1 T%sla field 10 ps time per bit is ~ 100 ps
is 10 ps S
"1 L Ised
10 s 1 psS 7 curr2r51?rs€vlijtgl?~ 1ps
Shock wave propagatés
by 1 atom in ~ 100 f:
100 fs
Water dissociates in ~10 fs
o
—> o.o - 10fs
Light travels AN\
Tumin3fs

10s  1fs —»j\«—

Shortest laser
pulseis ~1fs

vy

Oscillation period of
visible lightis ~ 1 fs

Bohr period of
valence electron
is~1fs






used spark photography to freeze this ‘ultra-fast’ process

E. Muybridge, Animals in Motion, ed. L. S. Brown (Dover Pub. Co., New York 1957)
Courtesy Paul Emma (SLAC).



Coulomb Explosion of Lysozyme (50 fs) *
Single Molecule Imaging, with Intense X-rays

Atomic and
molecular

dynamics occur .
at the fsec-scale

J. Hajdu, Uppsala U.






Experimental hall (Single Protein Imaging)
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Open Labs 2015
Sabato 23 maggio
dalle ore 9,30 alle 20,00

Arrivederci & Grazie




