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e Castilla & Leon

Welcome to
Salamanca !!!
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c /1, University of Salamanca

It wés founded in 1134 and given the Royal charter of
foundation by King Alfonso IX (King of Leon) in 1218.
General School of the Kingdom

Quod natura non dat,
Salmantica non praestat

/

What nature does not give, Salamanca does not lend



e University of Salamanca

Stablished in 1218, so 2018 will be 800 anniversary!!!

1218 General School of the Kingdom
Fourth oldest European university in continuous operations

The formal title of "University" was granted by King Alfonso X in 1254 and
recognized by Pope Alexander IV in 1255.
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Fid the astronaut at the
facade of the Cathedral
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Introductionto Lasers
and todcaserLab

Luis RosO

Salamanca, Director
September 29th, 2014 Centro de Laseres Pulsados,

CLPU, Salamanca
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Any system that
L generateS

coherent
radiation?




First laser 1960 Theodore Maiman

o e Amplification by
Stimulated
Emission of
Radiation

Palished alumimm
reflecting cylinder

T H Maiman Rubi laser 694 nm



First laser 1960 Theodore Maiman

Rubi laser
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semiconductor
he-neon



. 1064 nm
Neodymium laser Nd YAG laser
: . 5 ; r’ :;
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Second harmonic generation




Green laser pointer
1064 nm + 1064 nm = 532 nm

| laser
module

‘ Nd laser KDP

- AU
ww
'
ywyw

pump focus expanding colimating

diode lens lens lens  [IRfilter ‘L&ﬁ”\fﬁs




Semiconductor lasers




Semiconductor lasers 785 nm

C GaAlAs

CD
drives

0.
B
-

600 650 700 750

' ' ' o
a00] 450 500 550

(uitra) Viplet Blue Cyan G\een Yellow Orange Red (infra)
405 nm ) 670 nm

InGaN 520 AlGalnP

Blu-ray true bar code

drives green readers
N Y diodes . y
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CO2 laser FIR Far Infrared
10 micron

< 10 micron > W\~ CLPU =
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3-atm preamplifier

C O 2 I a S e r CO, oscillator -

C ' N - R -
| \ | B X LN
1 O m i C r O n 10-atm regenerative amplifier
v B _ (i =) 14 ps YAG 14 ps YAG
DX h “ i| Kerr cell 200 ps /

6 ps SH-YAG Ge switch

SRy Accelerator Test Facility




Home made
Air laser

Barcelona, 1980

UnB

Universitat Autonoma
de Barcelona

Copper capacitor
Nitrogen Laser

Ultraviolet  eppuy:
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what Is a laser
good for?
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Many many applications

Physics
Chemistry
Material science
Medicine
Biology
Communications
Environment
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Serious
applications
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Laser Spectroscopy

Inside an
Atom

Electron

Atomic and molecular
structure

£ o £

S = £ 82

O 0 < IT
Lol E EE g
E E

T T ey %
Z Z 0O O

| w— RTX-MeOH

] =—RTX-(MeOH), P

~, |C

1400 1450 1500 1550

1600 1650 1700 C L P U 7
PULSADOS

IR frequency (cm™)




muure

photonics

TECHNOLOGY FOCUS
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. Optical tweezers

X
i AL S tnp
center km :
1 <o |
- F=KpapX

e Biological sample

laser light |
Single mode



Odontology

Dermatology

)

EEEEEEEEE
LASERES



Optical communications

C

Light Signal 1 =
Light Signal 2 =




c . Defense




Building construction

C




Lasers at home
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+/- Serious
applications
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., Laser hair removal |

AYRAYATA
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&WBiostimulation

TerraQuant’'Laser
Powerful Pain Relief

« Patients in over 30 countries Revolutionary

* Special Forces of 7 countries super Pulsed Laser
* NBA players
* National Soccer Team
* Olympic athletes
* Chronic pain sufferers




- Biostimulation

Super pulsed laser

Hands Free therapy armature
Allows for unattended treatment.
Easlly attaches to any cart or table.

10cm-=13¢m
(4=5")

i

h
(/[

Clcipu



Cosmetic applications

> — ¥ Cosmetic Treatme
- © Laser & IPL - yntonesersy ¢

: Photorejuvenation ,
L4 4
T 0g CR

Cosmetic
LaserRepair

o
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L aser cut ...
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| aser IS like
our brain ...
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... we only use only a
part of its potentiality!



Normal lasers,
Dig lasers, and
extreme lasers



long pulse

C . .
gquasi-monochromatic

Is monochromaticity a
must for a laser to be a laser?

UVA visible IR
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Intensity (norm.)

short pulse ... broad-band

0.8 =

0.6 —

0.4 —

0.2 =

0.0 =

Spectral Power Density (dB)

-20

UVA

-10 —+-
-15 —
-20 —

.25 —

-30 —

o —

'
v
|

(‘wuou) Ayisuaq Jamod |eidads

600

700

800 900
Wavelength (nm)
—>

CLPU
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~ Ti-Sapphire

Energy

Blg

Distance Ti-O

1000

Green Laser
for Pump
10 ns pulses

Absorption

Emission

oxigen




e\ fs mode-locked oscillator

= 800 nm central wavelength
B 80 MHz repetition rate







time light speed

second S 1s| 300 000 km
milisecond ms 0.001 s 300 km
microsecond us 0.000001 s 300 m
nanosecond ns 0.000000001 s 0.3 m
picosecond oF 0.000000000001 s 0.3 mm

femtosecond fs 0.000000000000(_)QJ s| 0.3 microns

—

30 femtosecond
10 microns

- ” ‘4‘ RN T ara Eaa : \ CENTRO DE
BE7?S  1Skv  SBom CLPU =



Oscillator + Amplifier

Main limitation for amplification is
damage threshold of the amplifier

Oscillator

e

/

Amplifier

\‘— CLPU::

=

Pumping




Oscillator + Amplifier

To avoid damage of the amplifier,
there are two options:
Expand the beam in tranversally
... big crystals
Expand the beam longitudinaly
l.e expand in time
...stretch the pulse

§Oscillator
Amplifier
Pumpi? - .-
\_ CLPU =
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not real scale, of course!

reduce space and time

some relevant info
on stellar core




NIF National Ignition Facility
244 lasers
1,8 MJ per shot
5nsa 350 nm (1050 nm /3)

1,8MJ / 5ns = 360 TW

lasers.lInl.org
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¢, Big crystals

lasers.lInl.org CLPU



LMJ Laser Mega-Joule

Bordeaux France
TR ‘ﬁ% N
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_ .1, Laser MegaJou le
fast ignitor

www-lmj-cea.fr
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ULTRAHIGH-INTENSITY
LLASERS: PHYSICS OF THE
 EXTREME ON A TABLETOP

ver the past ten years,

laser intensities have
increased by more than four
orders of magnitude’ to reach
enormous intensities of 10%°
W/em?. The field strength at
these intensities is on the or-
der of a teravolt per centime-
ter, or a hundred times the

Coulombic field binding the Gérard A. Mourou, Christopher P. J. Barty
and Michael D. Perry

ground state electron in the
hydrogen atom. The elec-
trons driven by such a field
are relativistic, with an oscillatory energy of 10 MeV. At
these intensities, the light pressure, P = I/c, is extreme,
on the order of giga- to terabars. The laser interacting
with matter—solid, gas, plasma—generates high-order
harmonics of the incident beam up to the 3 nm wavelength
range, energetic ions or electrons with mega-electron-volt
energies (figure 1), gigagauss magnetic fields and violent
accelerations of 10?! g (g is Earth’s gravity). Finally, the
mteractaon of an ultramtcnsc beam mth superrelatnnstlc

~ s ~ aw

By stretching, amplifying and then
compressing laser pulses, one can reach
etawatt powers, gigagauss magnetic
fields, terabar light pressures and
1022 m/s? electron accelerations.

time-resolved x-ray experi-
ments in the femtosecond
range, or at the Stanford
Linear Accelerator Center
(SLAC) to test nonlinear
quantum electrodynamics by
the interaction of the high-
intensity pulses with super-
relativistic electrons.

Some of the new table-
top-laser principles have
been implemented on exist-
ing large laser systems built
for laser fusion. Lawrence Livermore National Labora-
tory, Los Alamos National Laboratory, the Commissariat
a I'Energie Atomique (CEA) in Paris, the Rutherford
Appleton Laboratory in the UK and the Institute of Laser
Engineering in Osaka, Japan, have all added subpicosec-
ond pulse capabilities to their nanosecond lasers, pushing
their peak: power by three orders of magnitude from 1
terawatt to 100-1000 T'W.

Figure 2 presents the focused intensity of lasers as a

£ kB L 2. o Yo cb s o ez 22
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Chirped Pulse Amplification, CPA

Three steps  Nd:vaG  psec = _al |
OSC. '”

1.- strectch n |
2.- amplify I b@! —zzrin

3.- compress

Nd: YAG gsﬁﬁ
ompl

1 Joule \
Gerard Mourou, Rochester, 1985 \ W
Donna Strickland




" short pulse = broadband laser

30 fs
30 nm

D S—

broadband
allows chirping

visible




CPA Chirped Pulse Amplification

C .
| pumping laser fs-compressed
fs-oscillator oulse
g -
irror r - amplified
stretcher g stretched
mMIrror

amplifier

pumping laser . )







C Exawatt

Peak power e
Petawatt /

CPA
Terawatt
Gigawatt r/
mode-locking

Megawatt /
Q-switching

Kilowatt //
¢

1960 1970 1980 1990 2000 2010 2020
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Pulse peak power

PW

T™W

GW

MW

kW

Salamanca /

4

. Q-switching

mode-|ocking

~CW V

S ms ‘u S ns

S

Pulse duration CLPU =



Petawatt

Technology
to the limit

PW MJ E 30J joule
ns ps 30fs fs
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Centro de Laseres Pulsados
Salamanca

Public Consortium stablished in Decembre 2007

C

partners percent
Ministerio de Economia y Competitividad 50
Junta de Castilla y Leon 45
Universidad de Salamanca 5

Qi
u'.‘ﬂu‘ > 3
Ol e

& “;é Sk
¥ MINISTERIO Kt

AES
Junta de ‘Q DE ECONOMIA

- = YCOMPETITIVIDAD  V'NiVEIRSIiDAD
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Salamanca’s
VEGA laser
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- Edificio M5 Parque

— 60 m .
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800 nm
1 shot/second
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VEGA Front End

Front End

Saturable
absorber

Oscillator - Synergy PRO Booster Stretcher + Dazzler

Pump Regenerative
amplifier
Stretcher XPW Compressor
/ = / Multi-pass
/ amplifier
30-50 W S
Reg. amplifier :Dulse Multi-pass amplifier
0.8m Ccleaner
Dazzler 25mlJ, 10 Hz



Phase | -20 TW Phase Il - 200 TW Phase Il -1 PW

/‘ ;\ 25mJ \ 22mJ 700 mJ \ 200 mJ 2

vV 250 g ) Mutipass  500mJ /" J S— J
Front on Amplifier Pulse picker Pockels cell

ast shutter Pockels cell
end 4passes Fast shutter

Propulse + Fast shutter
Multi-pass .
amplifier Back Multl-pass
Propulse + reflection amplifier
Pockels cell 4 passes
Back 2Titan 3.5J
Pulse Multi-pass reflection
compressor amplifier Pockels cell
8 Propulse +
Multi-pass
amplifier
3 passes
600 mJ, 30 fs Puise 12 Titan 10
’ compressor
10 Hz ]
Pulse
6 J’ 30fs compressor
10 Hz
Deformable 30J,30fs

VEGA system 1He



VEGA

VEGA 1
VEGA 2
VEGA 3

£ Junta de

Castilla y Ledn

The VEGA laser

Titanium:sapphire technology

robust and well under control

repetition

peak ener duration operation
power 9y rate P
20 TW 600 mJ 30 fs 10 / sec 2007
200 TW oJ 30 fs 10 / sec 2013
1 PW 30 J 30 fs 1 /sec 2015
& *‘f; UNION EUROPEA
:%: Albme R n
W@ YcoMPENTVDAD  \NiiVERSIDAD o7 i CLPU
D SALAMANCA 70 enors ge Secer —orope |

EEEEEEEEE
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VEGA

200 TW
P

ulse compressor

PW target area

200 TW
target area

PW pulse compressor }







What are
extreme lasers




Wavelength

800 nm Titanium:Sapphire ... my favourite now
1040 - 1080 nm Ytterbium in some crystals
1050 nm Nd glass for longer pulses (ps)

and

1 micron CO2 lasers



Relativistic
acceleration of
charged particles



electron’s initial
position

—e(E+‘szj=F=C§ 800
2 10AMN9W/em?2




Coupling laser-charge

The max energy of a charged particle in the field is given by

C

Intensity N(Izreitr; g:]?;
1076 W/cm? 1 KeV
1019 W/cm? 1 MeV
1020 W/cm? 10 MeV
1027 W/cm? 100 MeV
1022 W/cm? 1 GeV
102 W/cm? 10 GeV

~— Charge
2
E =mc’+ L 4 —1
- 4 mw
mass — — )
frequency
Intensity
For

800 nm wavelength
Ti:Sapphire laser



C Coupling laser-charge

The max energy of a charged particle in the field is given by

E =mc +1 q ——1
4 maw’

Better to use frequency
long wavelength lasers !l 777



Electrical
guiding.
Fllamentation



Electrical discarge guiding

/\/\Aﬁ Plasma filament
A4 [

Laser plasma

-’f“'"'“‘."; SR AR
S B¢ 34

LASERES
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PR Laser lightning rod




Cloud seeding




Train power supply ...

Plasma density
10'5-10'% ¢cm-? Diameter = 50-100 pym

4\
Plasma column, exists for ~1ns after pulse
“ 2-300m

v

No need of mechanical contact
pantograph-catenary

CENTRO DE
LASERES
PULSADOS
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One basic question

Photons are bosons,
a laser is a collection on bosons in the same

quantum state.
How many can we pack?
ﬁ Is there any fundamental limit?

' \"\ a
7 '.‘ ’/ ’ ' ‘ ' A"
A NAAMNRNIOVE
\J '. "" /‘ ' ' “ ‘\yn'.""y‘v
A L VIARS
7/ '.‘ ‘A'/‘ MAABAAR \
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= .‘ A'/‘ .7/ \'.' S, Aﬂ' "
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E A\'A A\ °
= chwinger
E ' ANNS
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Is this an absolute barrier???

energy laser
density intensity
3 mJ/nm?3 102° W/cm?
3 MJ/microm?

electrons and positrons

A normal laser
_ < ?
’ I\

electrons and positrons CLPU -



Vacuum anihilation: Schwinger

1021 W/cm?2

c

Spontaneous generation of
electron-positron pairs \

1022 W/cm?2

A 1023 W/cm?

024 W/cm?2

025 W/cm?

1026 W/cm?

1027 W/cm?2

Non-linear QED

1028 W/cm?

Beyond 104 W/cm? vacuum seems

1029 W/cm?2

— g

1030 W/cm?2

to be unstable ( /

AN3I1T A/ ~rr?




Photon-photon coupling probe

5] s \
ob - birrefringent
% vacuum
— 10-3
S 10-6 :
0.1 1 10 102 103
g r<: 10-60,,2 hao | mc’

at foptical wavelengths



Future trends
IN lasers
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C Extreme Light Infrastructure
10 PW 100 PW

“ Nonlinear QED: E-e-\, = 2m,c?

10 1 PeV

25 Ultra-Relativistic Optics /e EL

10 4 1 TeV
® Salamanca

oo Relativistic Optics
10

Focused Intensity (W/cm?)

a0
Eq=,F 1 MeV
5 Bound electrons
10
b CPA
<— mode locking 1eV

10"° /<= Q-switching

1960 1970 1980 1990 2000 2010 CLPU -




TRIANGLE

DE LA

PHYSIQUE

- A
WL
.
o
.

Ay __

E@'E ‘
Polyté@chnique

Orme'des Merisiers ENSTA
4 % -

L

o

"Or"say Ur'\iv_ersity' ' . C Lpu-fi:;::;”

PULSADOS




C

Extreme
frequencies
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X-ray lasers 10- 0.1 nm

C

Free-electron Lasers ~ Modern Synchrotrons

European

Copyright © 2010 CELLS ALBA
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PULSADOS



LaserLab
Europe
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LASERLAB-EUROPE
K ‘Mﬁk Laserlab
Europe " sa=_ o= gy
The “Integrated Initiative” of European Laser Infrastructures
in the 7th Framework Programme of the European Union

The Integrated Initiative of European
Laser Research Infrastructures

Laserlab-Europe is in the third phase of its
successful cooperation: the Consortium now brings
together 30 leading organisations in laser-based
inter-disciplinary research from 16 countries.



ructures
uropean Union

ULF-FORTH
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LASERLAB-EUROPE
w‘ Laserlab
Europe

The Integrated Initiative of European
Laser Research Infrastructures

The “Integrated Initiative” of European Laser Infrastructures
in the 7th Framework Programme of the European Union

Laserlab-Europe is in the third phase of its
successful cooperation: the Consortium now brings
together 30 leading organisations in laser-based
inter-disciplinary research from 16 countries.



LaserLab Europe main objectives

Networking.-
To maintain a competitive, interdisciplinary network of
European national laser laboratories,

Joint Research Activities.-

To strengthen the European leading role in laser
research through Joint Research Activities (JRA),
pushing the laser concept into new directions and
opening up new applications of key importance in
research and innovation;



LaserLab Europe main objectives

Transnational access.-

To offer transnational access to top-quality laser
research facilities in a highly co-ordinated fashion for
the benefit of the European research community;

To increase the European basis in laser research and
applications by reaching out to neighboring scientific
communities and by assisting in the development of
Laser Research Infrastructures on both the national and
the European level.



LaserLab Europe main objectives

Jobs

As a service to the scientific laser community in general and to its members in particular, Laserlab-Europe
presently offers this web page to publish position announcements in the scientific areas of laser
development and applications, including neighboring fields where Laserlab-Europe is active. Advertisements
are, free of charge, open to publicly funded scientific organisations. Laserlab-Europe reserves the right to
reject or discontinue such advertisements at any time and without explanation. Interested industrial clients
are encouraged to contact the Laserlab-Europe office for details. Disclaimer: Laserlab-Europe rejects any
responsibility or liability for the content or correctness of such advertisements.

Internships | Training, education and mobility

Head of Scientific Applications Division ELI-ALPS °
Application deadline: 30th November 2014 ')»»’ d‘l
Read More...

attosecond
Senior Key Technologist at CLPU, Salamanca, Spain c LPU e
Read More...




C

Conclusions



Conclusions ACCELERATORS

C FoRAMERICA'S FUTURE
$ {
Laser technology is et _ et
moving ahead very i 7 e s
fast ’ o
i
N

Enough peak power

Lack of average
power



Pedro Garcia Managing Director C I_ P U

Alvaro Peralta Head Scientific Division
Cruz Méndez Head Technical Division

Jose Antonio Pérez Maria Jesus Cortés
Mauricio Rico Rodrigo Diaz
Enrique Garcia Ana Santa Cruz
Marina Sanchez . Marisol Iglesias
Juan Hernandez Salamanca - Spaln Yaiza Cortés
Javier Santamaria Luca Stockhausen
Carolina Romero Andreas Doepp
Oscar Varela Miguel Angel Carmona
Jon Apifaniz Juan Manuel Sanchez
Francisco Valle Javier Garcia
Alicia Vazquez Irene Hernandez
Jose Manuel Alvarez Diego Arana
Javier Sastre Javier Lozano

Carlos Salcedo

http://www.clpu.es/es/contact-us/oportunidades-de-trabajo.html

CLPU

CENTRO DE
LASERES
PULSADOS



LT
e ——
= = e 3 ‘
CENTRO DE : p
‘ I P U LASERES . = y ! p UN:,E‘;:‘;;::A
PULSADOS > 1 2 SERESeS

REGION/




LASNET

The exploitation of L Asers for
Applications at Accelerator facilities
for ion beam generation, acceleration
and diagnostics 1s the goal of the
NETwork (LA3NET) within the FP7
Marie Curie Initial Training Network
(ITN) scheme.
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