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University of Salamanca
It was 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 præstat

What nature does not give, Salamanca does not lend



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.



Homework

Find the astronaut at the
facade of the Cathedral

Find the frog at the 
facade of the University
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Salamanca, 
September 29th, 2014

Introduction to Lasers
and to LaserLab



What is 
laser? 



Any system that 
generates

coherent 
radiation? 



T H Maiman      Rubi laser   694 nm

Light
Amplification by 
Stimulated 
Emission of 
Radiation

First laser 1960 Theodore Maiman



First laser 1960 Theodore Maiman
Rubi laser



argon
CO2 titanium:sapphire

diode

he-neonsemiconductor



Nd YAG laser
1064 nm

ω

Neodymium laser



Nd YAG laser
1064 nm 532 nm

ω 2 ω
KDP

Second harmonic generation



Green laser pointer 
1064 nm + 1064 nm = 532 nm

Battery   Battery   

laser 
module 

Nd laser     KDP

pump 
diode 

focus
lens 

expanding
lens 

colimating
lens IR filter



Semiconductor lasers



Semiconductor lasers

405 nm
InGaN 
Blu-ray
drives

670 nm 
AlGaInP
bar code 
readers

785 nm 
GaAlAs

CD 
drives

520
true

green
diodes



CO2 laser                   FIR Far Infrared
                                    10 micron

O  -  C  -  O

10 micron



CO2 laser                   

10 micron



Home made
Air laser

Barcelona, 1980

Copper capacitor
Nitrogen Laser

Ultraviolet



What is a laser 
good for? 



Many many applications 
Physics
Chemistry
Material science
Medicine
Biology
Communications
Environment
      

... and more in progress 



serious 
applications



Laser Spectroscopy

Atomic and molecular 
structure







Ophtamology



Optical tweezers



              Odontology

Dermatology



Optical communications



Defense



Building construction



Lasers at home
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Lasers at home



+/-  serious 
applications



Laser hair removal



Biostimulation



Biostimulation

Super pulsed laser 



Cosmetic applications



-  serious 
applications



Laser cut ...







Laser is like 
our brain ...



... we only use only a 
part of its potentiality!



Normal lasers, 
big lasers, and 
extreme lasers



UVA                       visible                           IR

long pulse
quasi-monochromatic

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



Pulsed 
Lasers 



UVA                       visible                           IR

short pulse ... broad-band



Ti-Sapphire  

Distance  Ti-O

E
ne

rg
y

~500 nm

~800 nm

oxigen

titanium

!

Green Laser 
for Pump
10 ns pulses



!

!

fs mode-locked oscillator  

10 fs pulse duration
800 nm central wavelength
80 MHz  repetition rate



of fs mode-locked oscillator 

fs mode-locked oscillator  



Time scales (smaller than unity)time light speed
second s 1s 300 000 km

milisecond ms 0.001 s 300 km
microsecond μs 0.000001 s 300 m
nanosecond ns 0.000000001 s 0.3 m
picosecond ps 0.000000000001 s 0.3 mm

femtosecond fs 0.000000000000001 s 0.3 microns

30 femtosecond 
10 microns Human hair

Laser
 pulse



Oscillator

Amplifier

Pumping

Oscillator + Amplifier

Main limitation for amplification is 
damage threshold of the amplifier



Oscillator

Amplifier

Pumping

Oscillator + Amplifier

To avoid damage of the amplifier, 
there are two options:

Expand the beam in tranversally
... big crystals

Expand the beam longitudinaly
i.e expand in time

...stretch the pulse



Big
lasers



NIF National Ignition Facility

lasers.llnl.govCalifornia, USA



Artificial star…

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
5 ns a  350 nm (1050 nm /3)           

     1,8MJ / 5ns = 360 TW

lasers.llnl.org



National Ignition Facility 

!

NIF
lasers.llnl.org



- YAG
- YLF
- YVO4

- YSGG
……
- Vidrio
- Fibra

Big crystals

lasers.llnl.org



Laser MegaJoule

http://www-lmj.cea.fr

LMJ Laser Mega-Joule

Bordeaux, France www-lmj-cea.fr



Laser MegaJoule

http://www-lmj.cea.fr
www-lmj-cea.fr



Laser MegaJoule
http://www-lmj.cea.fr

www-lmj-cea.fr



Laser MegaJoule

www-lmj-cea.fr



Laser MegaJoule
fast ignitor

www-lmj-cea.fr



Extreme 
lasers



Table Top Terawatt    T3





Gerard Mourou,     Rochester, 1985
Donna Strickland

Three steps
1.- strectch
2.- amplify
3.- compress

Chirped Pulse Amplification, CPA



UVA                        visible                      IR

short pulse = broadband laser

30 fs
30 nmbroadband

allows  chirping



CPA Chirped Pulse Amplification

fs-oscillator
pumping laser

amplifier

compressor

mirror amplified
stretched

fs-compressed 
pulse

stretcher

mirror

pumping laser





Exawatt

Petawatt

Terawatt

Gigawatt

Megawatt

Kilowatt

Peak power

1960    1970    1980   1990   2000    2010   2020

Q-switching

mode-locking

CPA

IIIIIIIIIIII



7 mJ / 1 Khz SP Sptifire ACE 7 

1 Khz
<120 fs

5 mJ regen 
7 mJ multipass
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Petawatt

Technology 
to the limit

 
PW = MJ

ns
= kJ

ps
= 30 J

30 fs
= joule

fs





Spanish case

Spanish Roadmap Scientific Infrastructures



Public Consortium stablished in Decembre 2007   

Centro de Láseres Pulsados
Salamanca

partners percent

Ministerio de Economia y Competitividad 50

Junta de Castilla y León 45

Universidad de Salamanca 5

!



Salamanca’s 
VEGA laser 





PW building 



Edificio M5 Parque
60 m

35 m

600 m2

400 m2

Main laser
PW

experiments

General





Petawatt building

30 J    
30 fs

800 nm
1 shot/second

!



VEGA Front End



Main equipment

30 J    
30 fs

800 nm
1 shot/second

!

!

VEGA system



The VEGA laser

!

Titanium:sapphire technology 
                 robust and well under control

VEGA
peak 

power
energy duration

repetition 
rate

operation

VEGA 1 20 TW 600 mJ 30 fs 10 / sec 2007

VEGA 2 200 TW 6 J 30 fs 10 / sec 2013

VEGA 3 1 PW 30 J 30 fs 1 /sec 2015



                    VEGA



VEGA
200 TW 

pulse compressor

PW pulse compressor

PW target area

200 TW 
target area



VEGA



What are 
extreme lasers 

good for?



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 driven by a laser field
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posición inicial del 
electrón

λ

λ

 800 nm
2 10^19 W/cm2

electron’s initial 
position

10e10
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Coupling laser-charge

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

Εmax =mc
2 +
1
4

q2

mω 2 I

mass

charge

intensity

Intensity
Max energy
(electrons)

1016 W/cm2 1 KeV

1019 W/cm2 1 MeV

1020 W/cm2 10 MeV

1021 W/cm2 100 MeV

1022 W/cm2 1 GeV

1023 W/cm2 10 GeV

For 
800 nm wavelength
Ti:Sapphire laser

frequency



Coupling laser-charge

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

Εmax =mc
2 +
1
4

q2

mω 2 I

frequencyBetter to use 
long wavelength lasers !!! ???



Electrical 
guiding.

Filamentation



Laser plasma

Electrical discarge guiding



Laser lightning rod 



Filamentation

Universidad de Jena web

Siembra de nubesCloud seeding



Train power supply ...

No need of mechanical contact
pantograph-catenary



Quantum 
vacuum



One basic question
Photons are bosons, 
a laser is a collection on bosons in the same 
quantum state.  

How many can we pack? 
Is there any fundamental limit?

Schwinger
 limit

1029 W/cm2 



extreme laser

     Is this an absolute barrier???

    density                 energy           laser 
  equivalent             density          intensity
“30  kg/cm3 ”             3 mJ/nm3       1029 W/cm2

                                        3 MJ/microm3 

normal laser

electrons and positrons

electrons and positrons



Spontaneous generation of 
electron-positron pairs

Non-linear QED

Beyond 1029 W/cm2   vacuum seems 
to be unstable

Vacuum anihilation: Schwinger limit



at   optical wavelengths 

0.1         1         10        102          103

1

10-3

10-6σ
10

−3
0
cm

2
!

ω /mc2 !

Photon-photon coupling 
extreme

probe

birrefringent 
vacuum



Future trends 
in lasers 



Extreme 
power



Extreme Light Infrastructure
10 PW                     100 PW

Salamanca





Extreme 
frequencies



X-ray lasers       10 - 0.1 nm
Free-electron Lasers                   Modern Synchrotrons



LaserLab
Europe 



LaserLab Europe

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.



LaserLab Europe



LaserLab Europe

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.



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



Conclusions



Conclusions

Laser technology is 
moving ahead very 
fast

Enough peak power

Lack of average 
power
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LA3NET

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

• University of Liverpool, UK
• CERN, Switzerland
• CLPU, Spain
• Danfysik, Denmark
• FOTON, s.r.o., CZ
• GANIL, France
• Helmholtz-Zentrum Dresden-

Rossendorf, Germany
• Institutul National pentru Fizica si 

Inginerie Nucleara Horia Hulubei, 
Romania

• Karlsruher Institut für Technology, 
Germany

• Science and Technology Facilities 
Council, UK

• University of Dundee, UK


