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BACKGROUND
Less than a year ago the Ecole Polytechnique and the CEA launched the
International Zettawatt-Exawatt Science and Technology research center with
the goal to marshal the ultrahigh intensity laser and the High Energy Physics
communities towards the inception of the first Laser-Based High Energy
Physics Paradigm. The large scale lasers, PETAL, LMJ, NIF would be the
lynchpin of this exploratory effort.
In a short time IZEST has experienced a phenomenal success by rallying an
impressive membership of 27 laboratories from 13 countries* in Europe, North
America and Asia.
Following the IZEST launching workshop in Palaiseau, France, in November
2011, the second IZEST annual meeting, “International Endeavour to
Establish Laser-Based High Energy Physics and Applications”, is hosted by
the University of Strathclyde in Glasgow, Scotland.
On the 13th and 14th November many renowned speakers will cover such
diverse aspects of laser-based fundamental physics as Exawatt-Zettawatt
lasers; laser acceleration to TeV-PeV; the Standard Model and Beyond; and
probing the quantum vacuum.
The 15th November will be devoted to the applications of IZEST's ultrahigh
intensity lasers, in nuclear medicine, proton therapy, nuclear waste control,
detection and transmutation.
* Canada, China, France, Germany, Japan, Republic of Korea, Romania,
Russia, Spain, Switzerland, Taiwan, UK, USA.
!
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http://www.izest.polytechnique.edu/

Programme
Tuesday 13th November

Session 1 Welcome & Introduction to IZEST
IZEST project & lasers as an enabling technology
High Intensity Laser's Ascent toward HEP/Fundamental Physics

Session 2 Exa Zettawatt Laser and Acceleration
NIF, Fusion and the Path to High Peak Power
PIC/QED simulations of a ZettaWatt laser
Laser Plasma Electron Accelerators beyond 100 GeV

Session 3 Dark Matter, Astrophysics, Beyond the Standard Model
Search for Light Dark Matter/Dark Energy Candidates by High Intensity Lasers
Ultra high energy cosmic rays
Particle Physics at High Energies but Low Luminosities

The Higgs Boson

Wednesday 14th November
Session 4 Exawatt and zettawatt lasers I
Very high power lasers at Bordeaux
Extreme Light Infrastructure Nuclear Physics (ELI NP)
Exawatt Prospect in Russia: XCELS

Session 5 Strong fields and quantum effects
Investigating the QED vacuum with ultra intense laser fields
QED cascades and vacuum instability in a tightly focused ultra intense laser field
Testing non linear vacuum electrodynamics
Quantum effects in Compton Back scattering with finite linewidth

Session 6 Exawatt and zettawatt lasers II
Raman Amplification in Plasma
Plasma as a nonlinear medium the Compton regime
Short Laser Pulse Amplification to Exawatt Intensities by Brillouin Backscattering

Session 7 Plasma under extreme fields
QED Cascading
QED and Semi Classical Limits of the Radiation Back Reaction

Thursday 15th November
Session 8 Exa Zettawatt Laser technology
High Peak Power and High Average Power with Efficiency
Fibre based High Peak and High Average Power Laser

Session 9 Acceleration of Ions
Recent progress in the Studies of Laser Plasma Proton Acceleration
Recent progress and perspectives for laser driven ion acceleration
Relativistic Protons and their Applications

Session 10 Nuclear physics
Accelerator Driven Sub critical Reactors
NRF and isotope detection
Nuclear resonance fluorescence and nuclear matter detection

Session 11 Medical applications
Medical applications of laser driven accelerators
Present and future applications of laser accelerated ions

Friday 16th November

ABSTRACTS
IZEST project & lasers as an enabling technology
Gérard Mourou
Institut Lumière Extrême, ENSTA, Chemin de la Hunière, 91761 Palaiseau, France
gerardmourou@gmail.com

Over the years, laser peak power has increased enormously to the point where laser and high
energy physicists are starting to envisage the use of ultra-intense lasers as a complementary
paradigm to high energy accelerators. It has been shown that laser can accelerate electrons
extremely efficiently over short distances, which are 104 times shorter than conventional
accelerator technology. For instance, it could be possible to accelerate particles to the PeV
energy range relevant to astrophysics. Current technologies would require an accelerator that
girdles the earth (40,000 km). With laser acceleration, the same particle energy would be
obtained in a mere km. The accelerated particles and radiation obtained by Compton
scattering could have time structures in the zeptosecond range. This possibility offers the
astrophysicists the prospect of producing and studying high energy particles/radiation on
earth that would normally only be found in space. In addition, they have potential for high
precision metrology in the study of the high energy radiation dispersion in the quantum
vacuum over a few kilometres, rather than over the entire universe, as is currently done.
Societal applications utilising relativistic protons will also be presented, in particular proton
therapy and the transmutation of nuclear waste.

High  Intensity  Laser’s  Ascent  
toward HEP / Fundamental Physics
Toshiki Tajima
International Center for Zetta- Exawatt Science and Technology
toshiki.tajima@physik.uni-muenchen.de

While modern optics opened the door to quantum optics, it also paved the path toward
relativistic optics [1] at the advent of high intensity laser technology such as CPA [2]. Laser
wakefield accleration [3] expoits the relativistic coherence in high energies in contrast to the
quantum coherence in low temperatures of atoms. It cultivates the acceleration method by a
leap   of   several   orders   of   magnitude   beyond   the   materials’   breakdown   limit   through   the  
adoption of already broken-down material of plasma under high intensity lasers.
At IZEST (marshalled by PETAL, LIL, and LMJ lasers) at the highest intensity we aspire
to advance the laser technology that may not be hampered by such intensities by adopting
methods like plasma mirrors and plasma compression and the science that emerges only at
highest energies and highest photon intensities and counts. IZEST looks forward to attaining
the   Higgs’   energy   (of   ~130GeV)   with   laser   acceleration   and   far   beyond   (such   as   PeV).   In  
such high energies we envision new physics beyond Higgs (without necessarily resorting to
the high luminosity approach) such as the exploration of the texture of vacuum and the
ultimate test of relativity [4]. This inspires possible mechanisms for ultrahigh energy cosmic
rays beyond 1019 eV when the conventional Fermi mechanism ceases to work where the
wakefield mechanism may provide rays of hope [5]. The coherence of laser photons and its
large number, we surmise, allow us to peek even into the secrets of darkest fields only so far
feebly felt through cosmic observations, now on terrestrial laser experimnets [6].
Finally, the recent progress in high-average power, high efficiency fiber lasers allows a
broad range of pressing scientific [7] and societal [8] applications.
[1] Mourou, G.A., Tajima, T., and Bulanov, S., Rev. Mod Phys.78, 309-371 (2006).
[2] Strickland, D. and Mourou, G., Opt. Comm. 56, 212 (1985).
[3] Tajima, T., and Dawson, J., Phys. Rev. Lett. 43, 267 (1979).
[4] Tajima, T., Kando, M., and Teshima, M., Prog. Theor. Phys. 125, 617 (2011).
[5] Takahashi, Y., Hillman, L.W., Tajima, T., in High Field Science, Eds., T. Tajima, K., Mima, and H. Baldis
(Kluwer, NY, 2000).pp171-221.
[6] Tajima, T., and Homma. K., Inter. J. Modern Phys. A 27, 1230027 (2012).
[7] Leemans, W., Chou, W., and Uesaka, M., eds. ICFA Beam Dynamics Newsletter (http://wwwbd.fnal.gov/icfabd/Newsletter56.pdf) (2011).
[8]  Mourou,  G.,  Tajima,  T.,  and  Gales,  S.,  ‘Laser-driven ADS (Accelerator-Driven  Systems)’  (2012).
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NIF, Fusion, and the Path to High Peak Power
Edward I. Moses
Lawrence Livermore National Laboratory, 7000 East Avenue, Livermore, CA, 94451
Operational since 2009, the National Ignition Facility (NIF) at the Lawrence Livermore National
Laboratory (LLNL) is the world's most energetic laser system. Its 192 laser beams have
simultaneously produced more than 2MJ of UV light with a peak power in excess of 500TW in
nsec long pulses. NIF has been designed for a wide variety of missions including, strategic
security, fundamental science and the demonstration of nuclear fusion burn in the laboratory.
The capacity and flexibility of NIF provide unique opportunities for high peak power and high
peak intensity science. Fusion ignition with robust burn on NIF could produce exawatt bursts of
x-ray radiation (~10MJ in 10ps). The individual beam lines of NIF have the capacity to produce
PW, ps pulses directly via implementation of Chirped Pulse Amplification (CPA). Alternatively,
individual NIF beam lines could be used as high-energy (20 kJ) pump lasers for ultrashort
duration (20 fs), 100 PW-class amplifiers. Coherent addition of such beams would create
exawatt-scale peak power and would do so in an environment compatible with ultra-high field
science and applications.
In this presentation, the status of NIF’s long and short pulse capabilities and the pursuit of fusion
on NIF and the future of ultra-high field physics will be reviewed.

This work performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under Contract DE-AC52-07NA27344

PIC/QED simulations of a ZettaWatt laser
interacting with compressed ICF targets
Alexander Pukhov1,*, Gerard Mourou2
1

Inst. for Theoretical Physics, University of Dusseldorf,Germany
2
École Polytechnique, Palaiseau, France
* pukhov@tp1.uni-duesseldorf.de

Full 3D Particle-in-Cell (PIC) simulations of a ZettaWatt laser interacting with a
compressed ICF target are presented. The code includes self-consistent generation of gamma
quanta and their decay into electron-positron pairs according to the QED cross-sections as a
Monte-Carlo package.
The simulations indicate that the laser pulse can propagate very close to the dense
core of the target due to relativistically induced transparency and channel formation before its
energy is exhausted.

Laser-Plasma Electron Accelerators beyond 100 GeV
Kazuhisa Nakajima1,*
1

High Energy Accelerator Research Organization, Tsukuba, Ibaraki 305-0801, Japan
* nakajima@post.kek.jp

In this decade, researches on laser-driven plasma-based acceleration [1] have
achieved great progress in high-energy, high-quality electron beams with energies of GeVlevel and 1%-level energy spread in a cm-scale plasma [2]. These high-energy high-quality
particle beams make it possible to open the door for a wide range of applications in
fundamental researches, medical and industrial uses. In particular, there are great interests in
applications for high-energy physics and astrophysics that explore unprecedented highenergy frontier.
Here we present 4 design options on laser-plasma accelerators (LPAs) of electron
beams beyond 100 GeV energy, employing a 7 PW, 3.5 kJ, 500 fs pulses at 1053 nm
delivered from the PETAL laser at CEA, France and synchronized double 1 PW, 30 fs lasers
of 800 nm available at GIST-APRI, Korea, based on scaling of the underlying parameters
with respect to the plasma density for the quasi-linear laser wakefield [3] and the nonlinear
wakefield in the bubble regime [4]. Their design concepts are summarized as follows:
Option A. Channel-guided LPA employing quasi-linear wakefields in a 30 m long plasma
channel driven by a 500 fs pulse with normalized vector potential a0 ≈ 1.4 for 100 GeV
energy gain, and a0 ≈ 1.6 for 130 GeV energy gain, respectively.
Option B. Self-guided LPA employing nonlinear wakefields in the bubble regime operated
by a 500 fs pulse with a0 ≈ 2 − 9 . This option reduces the accelerator length as Lacc ≈ 36 / a0 [m]
for 100 GeV acceleration.
Option C. Ponderomotive channel-guided LPA employing a leading self-guided pulse with a
long (>1ps) duration and a large spot size ( k p rL = 4 ~ 6 ), and a trailing drive pulse that is
guided through a ponderomotive channel created by the leading pulse. This option uses a full
energy of PETAL laser.
Option D. Two-stage channel guided LPA employing synchronized two pulses with a0 = 5 ,
50 fs duration, each of which drives a 3 m long plasma channel to accelerate e-beams up to
50 GeV. This option aims to develop the staging technology of future LPAs.
For all options, the ionization-induced injection is in favor of a high quality e-beam injector.
We investigate electron beam dynamics and effects of synchrotron radiation due to betatron
motion by solving the beam dynamics equations on energy and beam radius numerically. For
the Option B bubble regime case, radiative energy loss becomes 10% at a0 = 4 .
Since the implementation of 100 GeV demonstration has been planned at IZEST [5],
technological aspects of the overall setup including R&D for a new plasma waveguide will be
reported.
[1] T.Tajima & J.M.Dawson, Phys. Rev. Lett. 43, 267 (1979).
[2] W. P. Leemans et al., Nature Phys. 2, 696 (2006); T. Kameshima et al., Appl. Phys. Express 1, 066001
(2008); J. S. Liu et al., Phys. Rev. Lett. 107, 035001 (2011); H. Y. Lu et al., Appl. Phys. Lett. 99, 091502 (2011).
[3] K. Nakajima, et al., Phys. Rev. ST Accel. Beams, 14, 091301 (2011).
[4] W. Lu et al., Phys. Rev. ST Accel. Beams 10, 061301 (2007).
[5] http://www.izest.polytechnique.edu/izest-home/the-100-gev-ascent.

Bosonic Collider toward Laboratory Search for Light
Dark Matter / Dark Energy Candidates by HighIntensity Lasers
Kensuke Homma
Graduate School of Sciencec, Hiroshima University / IZEST, Ecole Polytechnique
homma@hepl.hiroshima-u.ac.jp

Probing the nature of the quantum vacuum is indispensable to resolve the crucial problems in
contemporary physics; dark matter and dark energy in the universe. Probing the vacuum to
date has been limited to either the macroscopic space-time via astronomical observations or
microscopic space-time points at high-energy particle collisions. With high-intensity lasers,
however, we anticipate to be able to unveil the different aspects of the quantum vacuum at
different space-time scales [1-3]. We present the new approach to realize the laboratory
search for low-mass and weakly coupling particles which can be light Dark Matter / Dark
Energy candidates. In particular we discuss the novelty of the method as the Bosonic collider
compared with the Fermionic colliders conventionally used for high energy physics [4].
[1]  “Probing  vacuum  birefringence  by  phase-contrast Fourier imaging under fields
of high-intensity  lasers”  by  K.Homma,  D.  Habs,  and  T.  Tajima
Applied Physics B 104 (2011)769–782 (DOI: 10.1007/s00340-011-4568-2),
arXiv:1104.0994[hep-ph] .
[2]  “Probing  the  semi-macroscopic vacuum by higher-harmonic generation
under  focused  intense  laser  fields”  by  K.Homma,  D.  Habs,  and  T.  Tajima
Applied Physics B 106 (2012) 229-240 (DOI: 10.1007/s00340-011-4567-3),
arXiv:1103.1748 [hep-ph] .
[3]  “An approach toward the laboratory search for the scalar field
as  a  candidate  of  Dark  Energy”  by  Y.  Fujii  and  K.  Homma,
Progress of Theoretical Physics Vol 126 No. 3 September 2011,
arXiv:1006.1762 [gr-qc].
[4]  “FUNDAMENTAL PHYSICS EXPLORED WITH HIGH INTENSITY LASER”  ,
by T. Tajima and K. Homma, International Journal of Modern Physics A, Vol. 27, No. 25 (2012) 1230027,
arXiv:1209.2822[hep-ph].

Ultra-high-energy cosmic rays and the challenge of
particle acceleration in the Universe
Etienne Parizot
Astroparticule et Cosmologie, Université Paris Diderot, Paris, France
parizot@apc.univ-paris7.fr

Throughout the development of astrophysics, cosmic rays have been recognized as playing a
key role in most of the major Galactic processes. However, exactly one century after their
discovery in 1912, their origin and the acceleration mechanism by which they acquire energy
in cosmic environments remain uncertain or unknown. The so-called ultra-high-energy
cosmic rays (UHECRs), with energies reaching macroscopic values, represent both an
immense challenge for ordinary acceleration mechanism and a chance to learn more about
their sources and origin.
We shall review the main questions associated with cosmic rays in general and with
UHECRs in particular, including particle acceleration and the possibility to explore
fundamental physics issues at energies up to 1020 eV. We shall also discuss some open
phenomenological questions and mention the current efforts to boost knowledge about
UHECRs, notably through the JEM-EUSO project mission, which could be installed onboard the International Space Station within 5 years.

Particle Physics at High Energies but Low Luminosities
Allen Caldwell
Max-Planck-Institut für Physik, München, Germany
* caldwell@mpp.mpg.de

The main focus of the particle physics community, when considering future accelerators, has
been on high luminosity colliders since s-channel cross sections scale as 1/s, with s the square
of the center-of-mass energy. This focus has led to ILC, CLIC or Muon Collider parameter
sets requiring luminosities in excess of 1034 cm-2s-1 for center-of-mass energies beyond 1
TeV. This requirement on the luminosity then leads to very demanding requirements on
parameters such as beam sizes at the interaction point, repetition rate, etc., and huge power
requirements. The former will be difficult to achieve technologically, while the latter will be
very hard to justify in an age of diminishing energy resources and increasing energy costs.
The size of the linear accelerators (ILC and CLIC) are primarily determined by the
accelerating gradient, and it is not possible to build compact TeV-scale electron-positron
colliders based on known RF technology. Novel acceleration schemes, such as plasmawakefield acceleration could provide the basis for a compact high energy linear collider.
While very high acceleration gradients have been demonstrated, generating high luminosities
with such accelerators will be extremely challenging and will likely require a technology
revolution. For a muon collider, the requirement of high luminosity puts very demanding
constraints on the power needed for the proton driver used to produce the muons and the
phase space cooling scheme for the muon beam. These tough requirements lead to parameter
sets which, while progress has certainly happened, still cannot be met today and remain a
major challenge. A reduced luminosity requirement would make a plasma-wakefield based
accelerator or a muon collider much more attractive. It is therefore important to discuss the
physics opportunities at a high energy but much reduced luminosity collider, since such
colliders could become available in the future at acceptable cost.
In this presentation, we briefly review the ongoing research in plasma wakefield
acceleration and the outlook for the next decade and beyond. We then discuss some research
directions which would be allowed by having high energy, low luminosity, colliders. The
list we discuss is surely incomplete, and some of the ideas, while exciting, are quite
speculative. The intent here is to point out that there are interesting physics topics for a high
energy, low luminosity accelerator and to initiate a more thorough discussion of the scientific
interest in such an option for the future of accelerator based particle physics.

Extreme Light Infrastructure - Nuclear Physics (ELI-NP)
Nicolae-Victor Zamfir
National Institute for Physics and Nuclear Engineering (IFIN-HH), Bucharest, Romania Dept. of Quantum
victor.zamfir@eli-np.ro

ELI Nuclear Physics, one of the 4 pillars of ELI, will be built in Bucharest-Magurele,
Romania. It is meant as an unique research facility to investigate the impact of very intense
electromagnetic radiation (Extreme Light) on matter with specific focus on nuclear
phenomena and their applications. The extreme light is realized at ELI-NP in two ways: by
very  high  optical  laser  intensities  and  by  the  very  short  wavelength  beams  on  γ-ray domain.
The Gamma Beam System, based on Compton backscattering of a laser beam on electron
beam accelerated by a warm LINAC,  will  produce  variable  energy  gamma  beam  (Eγ  =  0.2  –
19.5 MeV) with a very good bandwidth (in the 10-3 domain) and with very high brilliance
(peak brilliance higher than 1021 photons/mm2/mrad2/s/(0.1% BW). This combination
allows for stand-alone experiments with a state-of-art high-intensity laser, standalone high
resolution   γ-beam experiments or combined experiments of both photon sources. The
description of the future ELI-NP facility and of the planned experiments will be presented.

Exawatt Prospect in Russia: XCELS
A.G.Litvak*, A.M.Sergeev, E.A.Khazanov
Institute of Applied Physics of Russian Academy of Sciences, 46 Uljanov st., Nizhny Novgorod, Russia
*
litvak@appl.sci-nnov.ru

The paper presents Russian mega-science project XCELS (Exawatt Centre of Extreme
Light Studies), which is aimed to construct a large scale science infrastructure for
fundamental researches on the basis of laser radiation with a giant (exawatt) level of peak
power.
The complex will comprise 12 identical channels, each generating 15 PW peak power
pulses. It is supposed that optical radiation in laser modules will be phased to an accuracy of
hundredths fractions of a light wave period (10-16 s). To achieve pulse power of 15 PW, a
pulse with energy up to 400 J, duration about 25 fs, and a repetition rate of 1 shot per several
hours is generated in each channel. The aperture of the output cascades of parametric
amplification in KD*P crystals is 30×30 cm2. Each of the channels of parametric
amplification is pumped by the second harmonic of a Nd:glass laser amplifier with the energy
of the fundamental and second harmonics 3 kJ and 2 kJ, respectively, and with the pulse
duration of 1.5 ns.
Coherent and incoherent combining of pulses amplified and compressed to 25 fs will
result in a unique source of extreme light for fundamental research and applications. An
optimal configuration of focused beams can be implemented that models a phase conjugated
dipole wave converging to the focus. Here the focus intensity can be achieved twice more
than the intensity of a single focused pulse of the total energy. Thus, for a total XCELS
power of 180 PW the intensity at the optimal focusing is approximately 1.2×1026 W/cm2,
which is estimated to be sufficient for probing nonlinear properties of vacuum. Even larger
intensities exceeding 1027 W/cm2 can be achieved by conversion of the subexawatt
femtosecond laser pulse to a giant attosecond pulse at a profiled solid density plasma surface
in the regime of relativistic electronic string.

Investigating the QED vacuum with ultra-intense laser
fields
Antonino Di Piazza1,*
1

Max Planck Institute for Nuclear Physics, Heidelberg, Germany
* dipiazza@mpi-hd.mpg.de

In view of the increasingly stronger available laser fields it is becoming feasible to employ
them to probe the nonlinear dielectric properties of vacuum as predicted by quantum
electrodynamics (QED) and to test QED in the presence of intense laser beams [1]. We first
investigate the process of light-by-light diffraction mediated by the virtual electron-positron
pairs present in vacuum [2]. A strong laser beam „diffracts” a probe laser field, due to
vacuum polarization effects (VPEs), and changes its polarization. This change of the
polarization is shown to be in principle measurable.
Moreover, in the collision of two strong parallel laser beams and a probe electromagnetic
field, each photon of the probe may interact through the „polarized” quantum vacuum with
the photons of the other two fields. Analogously to “ordinary” double-slit set-ups involving
matter, the vacuum-scattered probe photons produce a diffraction pattern, which is the
envisaged observable to measure the quantum interaction between the probe and strong field
photons. We have shown that the diffraction pattern becomes visible in a few operating
hours, if the strong fields have an intensity of the order of 1025-1026 W/cm2 [3].
The study of the properties of the QED vacuum is closely related to the possibility of testing
QED in the presence of strong background fields. We show that in the collision of a highenergy proton and a strong laser beam, laser photons merge, due to VPEs, when interacting
with the electromagnetic field of the proton. The process is very efficient and even
multiphoton and non-perturbative VPEs can be in principle measurable with the next
generations of multi-petawatt and exawatt lasers [4].
[1] A. Di Piazza et al., Rev. Mod. Phys. 84, 1177 (2012).
[2] A. Di Piazza, K. Z. Hatsagortsyan, C. H. Keitel, Phys. Rev. Lett. 97, 083603 (2006).
[3] B. King, A. Di Piazza, and C. H. Keitel, Nature Phot. 4, 92 (2010); B. King, A. Di Piazza, C. H. Keitel,
Phys. Rev. A 82, 032114 (2010).
[4] A. Di Piazza, K. Z. Hatsagortsyan, C. H. Keitel, Phys. Rev. Lett. 100, 010403 (2008).

QED cascades and vacuum instability in a tightly focused
ultra-intense laser field
Alexander Fedotov*, Nikolay Narozhny
National Research Nuclear University „MEPhI”
* am_fedotov@mail.ru

Recent advances in developing the new generation of high-power and high-intensity laser
facilities bring the attainable level of the focused laser intensities closer to the critical QED
field value ~1029W/cm2. However, the QED effects will become essential already as soon as
laser intensity reaches the level of ~1024-26W/cm2, exactly as it was initially aimed by the
nowadays most prominent mega-projects (ELI, XCELS, etc.).
The QED effects will strongly modify the whole physics of laser-matter interactions
in several ways, and it needs to be taken into account in design of all kinds of future
experiments (on laser-target interaction, on electron and ion acceleration, on harmonic
generation and other kind of secondary sources, on seeks for „exotic physics” and even on
light propagation in the vacuum), as well as in the numerical codes applied for simulations of
laser-plasma dynamics scaled to higher intensities.
In our opinion, in the optical range the most notable effect will be produced at ~102425
W/cm2 by developing of QED self-sustaining cascades, and at higher intensity – by vacuum
instability (spontaneous pair creation from vacuum), which will be able to seed the cascades
even in the vacuum. One of the consequences of this picture is that there may exist a principal
limit for attainable laser intensity in the optical range due to ultra-fast depletion of the laser
field via the QED processes, at the level of ~1027W/cm2. Whether such a limit can be
overcome, is a matter of current discussions and needs further studies. On the other hand, this
means that non-perturbative features of intense field QED may be revealed in fact far below
1029W/cm2, thus removing the whole necessity of reaching the critical field itself.
In the talk, we plan to review the basic principles of the physics of self-sustaining
QED cascades as formulated in [1-6], give enough evidence on the generallity of their
occurance in the high-intensity focused laser fields, and demonstrate some relevant numerical
simulations. The vacuum instability will be also briefly reviewed.
[1] A.R. Bell, J.G. Kirk, Phys. Rev. Lett. 101 (2008) 200403.
[2] A.M. Fedotov and N.B. Narozhny, "QED cascades in intense laser Fields", in Extreme Light Infrastructure:
Report on the Grand Challenges Meeting, 27-28 April 2009, Paris Eds. G. Korn, P. Antici, http://www.extremelight-infrastructure.eu.
[3] A.M. Fedotov, N.B. Narozhny, G. Mourou, G. Korn, Phys. Rev. Lett. 105 (2010) 080402.
[4] M.V. Legkov, A.M. Fedotov, N. Elkina, and H. Ruhl, Proc. SPIE 7994 (2010) 799423.
[5] N.V. Elkina, A.M. Fedotov, I.Yu. Kostyukov, M.V. Legkov, N.B. Narozhny, E.N. Nerush, and H. Ruhl,
Phys. Rev. STAB 14 (2011) 054401.
[6] E.N. Nerush, I.Yu.Kostyukov, A.M. Fedotov, N.B. Narozhny, N.V. Elkina, H. Ruhl, Phys. Rev. Lett. 106
(2011) 035001.

Testing Non-Linear Vacuum Electrodynamics
Robin W Tucker1,*
1

Dept. Physics, LancasterUniversity and the Cockcroft Institute
* r.tucker@lancaster.ac.uk

Maxwell's theory of classical electromagnetism employs linear partial differential equations
to describe the behaviour of fields in source-free regions of the vacuum. The extension of the
theory to fields in material media may involve non-linear modifications arising from the
complex interactions between distributions of charge at a fundamental level. However with
the advent of high-power lasers and high-field gradients in plasmas one may be approaching
regimes where the linear nature of Maxwell vacuum electrodynamics breaks down with
attendant implications for electrodynamics in media. Certainly one expects vacuum
polarization induced by quantum processes to intrude when electric field strengths approach
1.3 X 10^16 V/cm. This is still some orders of magnitude greater than current field intensities
in pulsed lasers so it is of interest to enquire whether classical effects of nonlinear vacuum
electrodynamics may yield experimental signatures before the need to accommodate quantum
phenomena
By solving the classical theory of Born and Infeld for electromagnetic waves in a static
magnetic field it is found that the speed of light is dependent on background magnetic fields.
This suggests that a simple laboratory experiment involving the propagation of light in a
static magnetic field could be used to place bounds on the fundamental coupling in that
theory.
A generalization of Born-Infeld non-linear vacuum electrodynamics involving axion and
dilaton fields with couplings dictated by electromagnetic duality and SL(2,R) symmetries in
the weak field limit will also be discussed. The spherically symmetric static sector of the
theory is explored where numerical evidence suggests the existence of axion-dilaton bound
states possessing confined electric flux.
Experimental confirmation of such modifications to Maxwell vacuum electrodynamics would
offer potential applications to the motion of charged particles in modern accelerators and
plasmas as well as phenomena in astrophysical contexts such as the environment of
magnetars, quasars and gamma-ray bursts.

QUANTUM EFFECTS IN COMPTON BACKSCATTERING WITH FINITE LINEWIDTH
Rodolfo Bonifacio
INFN - Frascati National Laboratory
rbonifacio7@gmail.com

Compton back scattering of a laser beam from a high energy e-beam can be a source of ultrashort wavelength radiation up to the hard -ray region. The important quantum effects
associated are: The   Compton   red   shift   and   the   electron’s   random   recoil. The first one
becomes relevant when the electron beam energy is increased. The second originates from a
novel quantum effect: when the photon energy is larger than the electron energy spread, the
electron momentum distribution will have discrete fringes separated by the photon energy.

Raman Amplification in Plasma
R. A. Cairns
School of Mathematics and Statistics, University of St Andrews, KY16 9SS, UK
rac@st-andrews.ac.uk

Backward Raman scattering in a plasma has been proposed as a method for producing short
high intense laser pulses, the basic idea being that energy is transferred from a long laser
pulse to a short probe pulse through a nonlinear wave interaction. This opens the possibility
of generating laser pulses of very high intensity, beyond what is possible by conventional
methods. This talk will give an account of the essential ideas behind the method and the
current state of progress towards its implementation.

Plasma as a nonlinear medium – the Compton regime
Dino Jaroszynski* and the ALPHA-X group
SUPA, Department of Physics, University of Strathclyde, Glasgow, Scotland, UK
* D.A.Jaroszynski@strath.ac.uk

Raman amplification in plasma has been proposed as a new way of producing high power
coherent radiation and also a means of compressing a high energy laser pulse to ultra-short
duration, and a way of combining several high power laser beams. In contrast to
conventional solid-state material used as laser amplifiers and parametric amplifying media,
plasma has the advantage in that it is already broken down into its constituent parts so cannot
suffer damage. This implies that plasma should be a convenient medium to reach very high
powers, exceeding current laser technology. Furthermore, unlike conventional media, plasma
is very flexible in that it can be used to amplify, compress and combine laser beams, and it is
not restricted to a particular region of the electromagnetic spectrum. In this talk we will
present results of an experimental and theoretical programme to investigate Raman
amplification and also study the transition to the Compton regime where the ponderomotive
force of the pump and probe (seed) lasers is much larger than the internal plasma forces. We
will show how broad bandwidth amplification occurs when the pump laser beam is chirped,
which has the effect of causing amplification of each Fourier component of the probe (seed)
pulse at a different position in the plasma medium. This spatio-temporal distribution of the
gain allows well controlled amplification. The experiments that will be presented in the talk
have been carried out at the University of Strathclyde using a CPA Ti:sapphire laser to
demonstrate chirped pulse Raman amplification and the transition to the Compton regime,
and at the Rutherford Appleton Laboratory, using a 150 J glass laser, where gains in excess of
107 have been measured with efficiencies of the order of 1%.

Short Laser Pulse Amplification to Exawatt
Intensities by Brillouin Backscattering in
Laser-Plasma Interaction
S. Weber1,2,! , C. Riconda1 , G. Mourou2 , J. Fuchs3 , L. Lancia4 , J.-R. Marquès3
1 LULI,
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2 IZEST, Ecole Polytechnique - CEA, Palaiseau, France
3 LULI, CNRS - Ecole Polytechnique - Université Paris 6 - CEA, Palaiseau, France
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Due to their extremely high damage threshold, plasmas can sustain much higher light
intensities than conventional solid state optical materials. Parametric instabilities in
plasmas can be used to generate exawatt light pulses [1, 2]. In particular the Brillouin
backscattering instability in the strong-coupling regime [3] is very well suited to amplify
and compress laser seed pulses on short distances to very high intensities. A first experiment has proven that such an amplification scheme can be realized [4]. Multi-dimensional
kinetic simulations show the feasibility of achieving light pulses of up to 1018 W/cm2 .
Subsequent focusing of such a pulse with a plasma mirror will increase the intensity considerably [5].
Using Brillouin-based plasma amplifiers in conjunction with tens of kilo-Joule lasers
will eventually open up the way to investigate new physics issues such as radiationdamping, pair-creation, and will make possible fundamental tests of the quantum nature
of vacuum [6, 7]. Such a scheme presents a possible roadmap for obtaining intensities close
to the Schwinger-limit [8].
It is conjectured that the future of ultra-high-intensity laser physics will be based on
plasma optics for amplification, manipulation and focusing of light.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
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QED cascading: Directed fast particles from two colliding
intense laser pulses
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In recent years numerous efforts to generate ultra-intense laser radiation in the lab have taken
place. One of the more extreme proposals is the ELI proposal that aims at intensities beyond
1024 W/cm2. The corresponding dimensionless field amplitudes are between a=500 and
a=5000. We will show that these extreme fields will open up a route for novel applications.
We will present simulations of the direct production and acceleration of energetic electrons
and positrons from the foci of two colliding laser pulses up to the multiple-TeV energy range.
The dimensionless amplitudes of the laser radiation assumed in the simulations range from
500 to 5000. The seed radiation consists of MeV photons. The simulations show impressively
that the efficient generation and acceleration of energetic particles in extreme fields is
possible and promising in the future.

QED and Semi-Classical Limits of the Radiation Back
Reaction
Igor Sokolov
University of Michigan, USA
igorsok@umich.edu

There are three interesting aspects relating to the radiation back reaction on the charged
particle motion.
The comparatively new observations of the extragalactic cosmic rays of ultra-high
energies reveal the existence of particles exceeding the Kuzmin-Zatsepin limit implying that
the radiation back-reaction on the particle motion through the background microwave
emission occurs in a way different from that described by the classical theory.
The new regime of the particle motion in the focus of the ultra-high power laser (as those
to be developed under the IZEST project) also causes the interest to a further study of the
radiation back-reaction on the particle motion as long as it is generally accepted now that the
radiation effect will be dominant among those controlling the particle motion.
Finally, there is still unresolved contradiction between different models of the "radiation
force", which requires the attention. All these sides of the effect will be discussed in the talk.

Strategies to reach Extremely High Peak Powers and High
Average Powers, Efficiently
Gérard Mourou
Institut Lumière Extrême, ENSTA, Chemin de la Hunière, 91761 Palaiseau, France
gerardmourou@gmail.com

Ultrahigh intensity lasers offer the possibility of accelerating protons in the relativistic
regime, i.e. for I > 1023 W/cm2 over extremely short distances, allowing applications to
become feasible in medicine, e.g. proton therapy, and material science and nuclear waste,
where they can be used for analysis and treatment. For practical commercial nuclear
transmutation, it is paramount to produce relativistic protons efficiently, which is the case
when protons become relativistic at I > 1023 W/cm2. However, current laser based commercial
applications are impaired by the dismally poor efficiency of ultrahigh intensity lasers, which
is of the order of 10-4. After looking at different approaches, the most attractive one is the
fibre-based laser, which is being investigated by CAN (Coherent Amplification Network).
Because of the favourable volume to surface area ratio, a phased fibre network could fulfil all
the requirements that one needs in terms of peak power, average power and efficiency for
commercial applications.

ICAN: International Coherent Amplification Network
– High intensity, high average power lasers for high
energy physics based on optical fibres
W.S. Brocklesby
Optoelectronics Research Centre, University of Southampton, U.K.
wsb@orc.soton.ac.uk

The ICAN project is a large scale collaboration between École Polytechnique, University of
Southampton, FSU Jena, and CERN, led by Prof. Gerard Mourou. It aims to address the
requirement of future applications in high energy physics for compact, efficient accelerators
by producing designs for new high energy, high average power ultrafast laser sources. Lasers,
especially solid state high peak power laser systems, are notorious for poor efficiency, in the
range of 1% at best. For many applications needing average power in the range of kW to MW
- particle acceleration, X-ray and gamma ray generation - this makes the use of lasers
economically unacceptable and seriously impairs the spread of important scientific and
societal laser applications in science, material science, environment, medicine and energy.
The ICAN approach is based on a new concept of large-scale coherently-combined pulsed
fibre lasers, which can produce high energy pulses while maintaining high efficiency. To
reach this goal, some of the leading labs from these two communities have come together to
study the future possibilities.
This talk will describe the ICAN project, which is at present 9 months into an 18 month
feasibility study, and report some of the progress in what is the first step of a long-term effort.
Technologies for ICAN will be reviewed, and possible architectures described.

Recent Progress in the Studies of Laser Plasma Proton
Acceleration at Peking University
X.Q.Yan, C.Lin, H.Y.Wang, K.Zhu,Y.R.Lu, Z.Y.Guo, J.E.Chen
SKT of nuclear physics and technology, IHIP, Peking University
* x.yan@pku.edu.cn

Target normal sheath acceleration (TNSA) is the predominant mechanism leading to
the emission of multi-MeV, high-quality ion beams. Radiation Pressure Acceleration is more
efficient, especially in Phase Stable regime. In order to improve the laser energy transmission
efficiency, a ultra-high intensity, ultra high contrast laser pulse with steep front is required.
By both 3D particle-in-cell(PIC) simulation and analysis, a plasma lens with near critical
density is proposed. When the laser passes through the plasma lens, the transverse selffocusing, longitudinal self-modulation and prepulse absorption can be synchronously
happened. If the plasma skin length is properly chosen and kept fixed, the plasma lens can be
used for varied laser intensity above 10^19W/cm2. The plasma lens can be implemented by a
micron-scale glass cone irradiated by the prepluse with precisely controlled timing before the
main pulse. Simulation shows by combining the cone target and DLC target, both
acceleration efficiency and proton energy can be about 3 times higher than in RPA regime
and 6 times higher than in TNSA regime. It shows 180 MeV proton beam can be generated at
laser intensity of 10^20W/cm^2. 200TW laser system will be set up at Peking University in
next year for proton accelerator, which will be used in different application such as proton
imaging, space physics and proton therapy in the near future.
References：
[1] H.Y.Wang, et al, Phys. Rev. Lett. 107, 265002 (2011)
[2] X. Q. Yan, H. C. Wu, Z. M. Sheng, J. E. Chen and J. Meyer-ter-Vehn, Phys. Rev. Lett. 103, 135001 (2009)
[1] A. Henig, S. Steinke, M.Schnuerer, T. Sokollik, P.V. Nickles,D. Jung, D. Kiefer,J. Schreiber, T. Tajima, X.
Q. Yan, M. Hegelich, W. Sandner, and D. Habs, , Phys. Rev. Lett. 103, 245003 (2009)
[3] T. Tajima*, D. Habs* and X. Q. Yan, Review of Accelerator Science and Technology (RAST), 2: 201-228
(2009).
[4] X. Q. Yan, C. Lin, Z. M. Sheng, Z. Y. Guo, B. C. Liu,Y. R. Lu, J. X. Fang, and J. E. Chen，, Phys. Rev.
Lett. 100, 135003 (2008)
[5] X. Q. Yan, T. Tajima, M. Hegelich, L. Yin and D. Habs, Appl. Phys. B, 98：711-721, (2010)

Laser-driven ion acceleration: Recent progress and
future challenges
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The study of intense laser-driven ion acceleration mechanisms, and the characterization and
optimization of the ion beams produced, have been, over the past decade, one of the most
active areas of intense laser-matter interaction science. Investigations in this area are
motivated both by fundamental interest in understanding and optimizing the acceleration
mechanisms, and by the prospect for practical use of the ion beams in a range of applications.
Most of the experimental research carried out to date has dealt with acceleration in
electrostatic sheaths created at target surfaces by laser-accelerated relativistic electrons. This
mechanism typically generates ion beams with a broad, exponentially decreasing, energy
spectrum up to a cut-off energy. In the past few years, a radically new type of laser-driven ion
acceleration mechanism, radiation pressure acceleration (RPA), based on the radiation
pressure (tens of GBar regime) of the intense laser pulse, has emerged. Compared to sheath
acceleration schemes, RPA benefits from superior scaling in terms of ion energy and laser-toion energy conversion efficiency, quasi-monoenergetic ion spectra and a substantially lower
ion beam divergence.
We will discuss recent results of ion acceleration experiments performed at the
Rutherford Appleton Laboratory. In particular, we will report on latest results in the sheath
acceleration regime and results obtained using ultrathin targets and high contrast pulses,
where the emergence of monoenergetic features related to radiation pressure effects has been
observed. The scaling of the peaks in the proton and light ion spectra are consistent with the
onset of the so-called Light Sail mode of RPA. Simulations indicate that the acceleration
takes place in a hybrid regime where radiation pressure and sheath acceleration compete, and
indicate the conditions required for achieving dominance of radiation acceleration. We will
also report on experiments and simulations aimed at elucidating underpinning physical
processes, such as the onset of hole boring and relativistic transparency, in the transition to
the ultraintense laser-radiation pressure dominant regime.
Prospects and future challenges in the development of laser-driven ion sources
towards applications will also be discussed.
The work has been carried out within the framework of the UK-wide LIBRA project.

Accelerator-Driven System Reactors
Bernard Carluec
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After a rough recall of the history of the ADS concept, the motivations for its development at
an industrial-scale are briefly presented. Then, the ADS concept is presented with some key
numbers and the identification of the technical challenges to be resolved.

Application of laser Compton scattered gamma-rays to
nondestructive measurements of melted nuclear fuels at
Fukushima Nuclear Power Plant
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The Great East Japan Earthquake on March 11, 2011 brought a severe accident in Fukushima
Daiichi Nuclear Power Plant. Most of nuclear fuels in the plant has been melted due to loss of
coolant. It is currently being thought that the complete decommissioning of the plant will take
30-40 years. During this long-term decommissioning process, the removal of melted fuels
will most probably start from 2021 or later and will continue for 10-15 years. In this removal
process, it is considered that debris of melted fuel are contained in a water-filled canister.
Under the nuclear safeguards agreement, we need to measure the amount of fissile material in
each canister to declare no fissile material is diverted into a weapon. Taking into
consideration the available time prior to the removal of the melted fuel from the reactors, we
have time to develop some techniques for the measurements of fissile material in the melted
fuels [1].
We have proposed application of laser Compton scattered (LCS) gamma-rays to
nondestructive measurements of nuclear materials [2]. We consider the LCS gamma-rays are
also applicable to the melted fuels. Towards nondestructive measurements of the melted fuels,
JAEA has launched a 3-year R&D program (2011-2013) supported by Ministry of Education,
Culture, Sports, Science and Technology (MEXT) in Japan [3]. In this program we are
conducting (1) construction of a high-flux and narrow-bandwidth LCS photon source at the
Compact ERL in collaboration with KEK, (2) benchmarking of Monte Carlo simulation
codes for designing the measurement system, (3) development of new measurement schemes
specific to the melted fuels.
[1] M. Seya et al., Proc. 53rd INMM Annual Meeting (2012).
[2] R. Hajima et al., J. Nucl. Sci. and Tech. 45 (2008) 441.
[3] R. Hajima et al., Proc. 52nd INMM Annual Meeting (2011).

Figure: A schematic view of the LCS gamma-ray experiment at the Compact ERL

Extreme Gamma-ray Sources
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The use of inverse Compton scattering to produce unique sources of gamma-ray radiation is
presented. Two extreme cases are covered; one producing ultra-high-peak brilliance, tunable
MeV gamma-rays and the other producing high energy pulses of ultra-short duration GeV
gamma-rays.
Tunable, polarized MeV-scale gamma-rays are created via the optimized Compton scattering
of pulsed lasers with ultra-bright electron beams. The peak brilliance of these sources can
exceed  that  of  world’s  largest  synchrotrons  by  more  than  15  orders  of  magnitude.  The  pursuit  
of nuclear science and applications photon beams, i.e. nuclear photonics becomes possible.
Applications include nuclear materials management, element-specific medical radiography
and radiology, non-destructive, isotope-specific, material assay and imaging and the precision
spectroscopy of nuclear resonances and photon-induced fission. Scaling of this approach to
MW gamma-ray beam power is feasible and might one day enable efficient, photon-based
transmutation of materials.
Inertial confinement fusion enabled by MJ class lasers such as the National Ignition Facility
at the Lawrence Livermore National Laboratory can be used to produce unique bursts of GeV
gamma-rays via inverse Compton scattering. During the fusion burn process copious amounts
(100s  of  kJ’s  to  MJ’s)  of  >10-keV x-rays are emitted from the small (10 micron scale), short
lived (10 ps scale) burning fusion plasma. An electron beam directed at this burning plasma
will undergo severe inverse Compton scattering with the high-flux fusion x-rays and in
principle can be brought to rest. By applying chirped pulse amplification to one or more of
the beams of the multi-beam MJ laser system, one can produce synchronized, high energy
PW peak power laser pulses. Focusing the PW pulses into an appropriately designed gas
volume can in turn produce a perfectly synchronized beam of GeV electrons via laser
wakefield acceleration. X-ray inverse Compton scattering off of these GeV electrons would
then with produce with high efficiency a high energy (joules), short duration (ps), pulse of
GeV gamma-rays. Such a high power gamma beam could in principle be focused to
intensities in excess of 10^28 W/cm^2.

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DE-AC52-07NA27344.

The laser-plasma wakefield accelerator as a source
for medical applications
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The Advanced Laser-Plasma High-Energy Accelerators towards X-rays (ALPHA-X)
programme is developing laser-plasma accelerators for the production of ultra-short electron
bunches with subsequent generation of high brilliance, short-wavelength radiation pulses [1].
Ti:sapphire laser systems with peak power in the range 20-200 TW are coupled into mm- and
cm-scale plasma channels in order to generate high quality electron beams of energy ~0.11 GeV. These compact sources show tremendous potential for a wide range of applications
across many branches of science including medicine.
Various radiation production mechanisms are currently under investigation in the ALPHAX project. The three primary mechanisms are (i) betatron radiation due to transverse
oscillations of the highly relativistic electrons in the plasma wakefield, (ii) gamma ray
bremsstrahlung radiation from metal targets and (iii) undulator radiation arising from
transport of the electron beam through a planar undulator. In the latter, free-electron laser
action will be observed if the electron beam quality is sufficiently high leading to stimulated
emission and a significant increase in the photon yield. These different source types are
characterised by their high brilliance arising from the inherently short duration (~1-10 fs) of
the driving electron bunch. The small source size, on the micron scale, is another attractive
property of these accelerators.
The Scottish Centre for the Application of Plasma-based Accelerators (SCAPA), a major
initiative within the Scottish Universities Physics Alliance (SUPA), will focus on further
development and application of next generation accelerator technology [2]. Medical
application research includes (i) radiotherapy, (ii) radioisotope production and (iii) X-ray
phase contrast imaging. Irradiation of cancer cells with relatively high energy electron beams
will be discussed as an example.
[1] D. A. Jarosynski et al., Phil. Trans. R. Soc. A 364 (2006) 689
[2] http://www.scapa.ac.uk/
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Research in laser-driven ion acceleration has been motivated over the last decade or
so by applicative prospects in a broad range of areas. The properties of laser-accelerated
beams are markedly different from those of conventional accelerators, as, for example, they
have ultralow emittance, very short burst duration (ps at the source), and broad energy
spectrum. These properties have opened up opportunities for innovative applications, such as
time-resolved particle imaging and radiography, or isochoric heating of Warm Dense Matter
plasmas. On the other hand, the compactness and versatility of a laser-driven system (and in
some cases a potential cost reduction) may make laser-based ion sources an alternative to
conventional accelerators in more established application fields.
This talk will review briefly the range of proposed and implemented applications of
laser driven ions, and will then focus on the activities of the Centre for Plasma Physics group
at QUB, and more broadly of the UK-wide LIBRA consortium which has involved over the
past 5 years a number of partners (Strathclyde, Surrey, STFC Rutherford Appleton
Laboratory, Imperial College, Birmingham).
In this context, we will discuss recent progress and prospects in areas including
plasma radiography, ion-driven neutron sources, Warm Dense Matter studies. In a medical
context, the prospects for future use of laser-driven ion beams in hadrontherapy of cancer act
as a strong driver for a number of large projects worldwide. In this prospective, we are
currently active in investigating the biological effectiveness of such beams in cell irradiation
experiments. These will be discussed, together with an outlook on progress needed to
progress towards use in medical therapy.

Strong Field Physics at the High-Energy Storage Ring at
FAIR
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As a novel and unique possibility for research in ultra-high field science, the HESR highenergy storage ring will provide brilliant intense stored beams of highly-charged heavy ions
at relativistic velocities of (γ = 6).
An interacting laser pulse will be Doppler-shifted by more than one order of magnitude in the
interaction frame. In addition to the wavelength shift, the relativistic Doppler effect will
shorten a counter-propagating laser pulse, in total boosting the relevant parameters by more
than two orders of magnitude. Due to the planned diagnostic capabilities which will be
available at the storage ring, changes in the ionic charge can be detected on a single particle
level. Interaction with lasers and x-ray laser sources will be possible in the straight section
foreseen for the electron cooler, and in field free regions just before and after the 180° arcs as
shown in Fig. 1.

Fig. 1: Lattice of the HESR storage ring to be installed at FAIR

Exploiting the unique combination of a large Doppler shift and the excellent beam quality
will allow novel spectroscopy approaches for studies not only in the ionic states, but also in
nuclear excitations and pair-creation processes. Schemes for possible experiments at the
HESR include the use of ultra-high power lasers and novel x-ray sources. Here, the most
developed source is the plasma x-ray laser. Upcoming new approaches are Thomson laser
scattering from medium energy electron beams, high harmonics generation, Raman
amplification and betatron emission in laser driven plasmas. At present, the detailed planning
of the experiments and the experimental stations is under way.

DIRECT ELECTRON ACCELERATION AND
GENERATION OF ATTOSECOND EM PULSES BY A
TIGHTLY FOCUSED ULTRASHORT LASER PULSE
S.G. Bochkarev*, V.Yu. Bychenkov
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Nonlinear Thomson scattering of an   intense   relativistically   strong   (focal   intensity   ≈1022
W/cm2) tightly focused pulse from a directly laser-accelerated electrons has been studied.
The investigation addresses the regime where the focal spot size, D, may be comparable to
the laser wavelength, . For description of EM fields of tightly focused laser pulse beyond
the paraxial approximation we used an exact solution of vector Helmholtz equation in the
form of Stratton–Chu diffraction integrals and the field spectral representation method [1-3].
We have calculated the characteristics of nonlinear Thomson scattering, including
time history of radiated power, radiation spectra of test electrons depending on focal sport
size, pulse duration and compared our results with that following from the paraxial
approximation.   It   the   case   of   tightly   focused   laser   pulse   (diameter   of   the   focal   spot   D   ~   λ)  
single attosecond (subattosecond, i.e. zeptosecond) X-ray pulses are generated. Our study
shows significant difference between the results obtained and the results from a standard
paraxial approach and necessity to revise nonlinear Thomson scattering theory in the case
D<5.
This work is partly supported by the Russian Foundation for Basic Research (Grant Nos. 12-02-00231 and 12-0231183)  and  the  Federal  Target  Program  “Research  and  Academic  Professionals  of  Innovative  Russia”  (grant  Grant  N
2012-1.2.2-12-000-1011-055 ).
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The arrival of ultra high intensity laser experiments such as IZEST will herald an era in
which the electromagnetic self-force of an electron may not only become comparable to the
Lorentz force due to a driving laser pulse, but could possibly even exceed it in the laboratory.
Modern accelerators accelerate bunches of order 108 particles or more and so a kinetic theory
of radiation reaction is mandatory in this context. We develop a new warm fluid theory based
on a recently proposed kinetic theory [1] and determine the dispersion relation corresponding
to electric waves.
[1] "Kinetic treatment of radiation reaction effects"
A. Noble, J. Gratus, D.A. Burton, et al., Proc. SPIE 8079, 80790L (2011)

Electron beams generation by laser wakefield
acceleration in tapered capillaries.
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The gas-filled capillary discharge waveguide (CDW) is a commonly applied accelerating
structure for the laser wakefield accelerator (LWFA) because an intense femtosecond laser pulse can be
successfully guided over several centimetres, leading to the generation of GeV-scale electron beams.
Simulations have shown that tapering the longitudinal plasma density, hence increasing the dephasing
length between wakefield and beam leads to significant enhancement of the final electron energy in a
single accelerating stage.
It is presented realisation of linearly tapered CDWs, manufactured using a femtosecond laser
micromachining technique pioneered at the University of Strathclyde [1]. The alumina waveguide has a
length of 40 mm and a diameter that decreases linearly from 320 µm to 270 µm along its length, and is
filled with plasma generated by application of a 20 kV pulse to hydrogen gas injected into the capillary.
The transverse plasma density profile at either end is obtained with a detection system measuring the
Stark-broadened  hydrogen  spectral  line  emission.  The  whole  length  of  CDW  and  also  the  plasma  “plum”  
at the exits - several centimeters out of capillary, have been investigated. At a gas backing pressure of 60
mbar, the on-axis, time-integrated density increases from 0.8  1018 cm-3 (wider end) to 1.5  1018 cm-3
(narrower end) thus indicating a tapered longitudinal plasma density.
Waveguiding of a low power, 50 fs duration laser pulse is demonstrated [2] and, despite a slight
mismatch of the laser focal spot size with respect to the capillary entrance size, efficient guiding of the
Gaussian-shaped laser pulse is obtained. Energy transmission of 80% is obtained for optimal delay of the
laser pulse arrival time with respect to the discharge current pulse. Comparison is made, for identical
laser conditions (intensity of 1.6  1018 W/cm2), between three tapering configurations: density
decreasing with distance (negative taper), density constant (no taper) and density increasing with
distance (positive taper), over the same capillary length of 40 mm in the (average) plasma density range
of 3-6  1018 cm-3.

[1]. S. M. Wiggins et al., Rev. Sci. Instrum. 82, 096104 (2011).
[2]. S. Abuazoum et al., Appl. Phys. Lett. 100, 014106 (2012).

OPCPA at critical wavelength degeneracy in P-PKDP
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Optical parametric chirped pulse amplification (OPCPA) is one of the most powerful
techniques for generating high-energy femtosecond laser pulses. Many efforts were devoted
to get spectral-band amplification able to support sub-10-fs pulses. In a parametric
amplification, broad gain bandwidths are obtained when the wave-vectors mismatch, ∆k,
changes as slowly as possible with the change of the signal frequency. The wave-vectors
mismatch around the phase-matching frequencies is given by a Taylor series expansion
 ∂k
1  ∂ 2 k ∂ 2k 
∂k 
∆k = k p (ω p ) − ks (ωs 0 ) − ki (ωi 0 ) −  s − i ∆ω −  2s + 2i (∆ω ) 2 −
2!  ∂ωs ∂ωi 
 ∂ωs ∂ωi 
−

1  ∂ 3 k s ∂ 3 ki 
1  ∂ 4 k ∂ 4 ki 
(∆ω ) 4 ... = ∆k ( 0) + ∆k (1) + ∆k ( 2) + ∆k (3) + .∆k ( 4) + ...
 3 − 3 (∆ω )3 −  4s +
3!  ∂ωs ∂ωi 
4!  ∂ωs ∂ωi4 

where kp, ks, ki are the pump, signal, and idler wave-vectors, ωp, ωs, ωi are the pump, signal,
and idler frequencies, respectively; the phase-matching (PM) condition is fulfilled at ωs0, ωi0
signal and idler frequencies where zero-order term ∆k(0) = 0,.
For a given pump wavelength, if both first and second order wave-vectors mismatch
terms are simultaneously canceled, broad PM bandwidths (in the range of one hundred nm)
can be obtained by non-collinear optical parametric amplification (BB-NOPA). Ultra-broad
gain bandwidth, significantly broader compared to BB-NOPA, can be obtained around a
central signal wavelength if, besides ∆k(1)and ∆k(2), the ∆k(3) term of Taylor series is canceled
too. By solving the six-equations system that satisfies all these conditions, the six variables
involved in the OPA process (three wave frequencies and three internal angles) were
determined: ωp, ωs0, ωi0, θ – pump wave vector-optical axis angle, α – signal-pump wave
vectors angle, β – signal-idler wave vectors angle. The equations system solution consists in a
collinear phase matching (α = β = 0) at degeneracy (ωs0 = ωi0 = ωp /2) at the critical
wavelength (CW) where the group velocity dispersion of the signal/idler is canceled [1].
Large aperture KDP and DKDP crystals are considered like most appropriate media for
generating fs multi-PW laser pulses by OPCPA. Some hundreds of nm gain bandwidths were
calculated for OPA at critical wavelength degeneracy (CWD) in DKDP and KDP crystals at
1122 nm and 986 nm central signal wavelengths. When pumping by the SH of Yb:YAG (515
nm) and Nd:glass (527 nm) lasers, nonlinear crystals with critical wavelengths of 1030 nm
and 1054 nm are necessary for CWD-OPCPA. Refractive indexes of partially deuterated
KDP (P-DKDP) crystals depend on the deuteration level. In order to fit the CW of P-DKDP
crystals to SH wavelengths of Yb:YAG and Nd:glass pump lasers, deuteration levels of 40%
and 58%, respectively, are required [1]. Ultra-broad gain bandwidth (~ 500 nm), able to
support down to one-cycle fs pulses, was calculated at CWD in P-DKDP crystals near 1-µm
central signal wavelengths [1]. The quasi-collinear pump-signal geometry can be used for
signal-idler beams separation [2]. A solution of OPCPA based on 40% P-DKDP crystals was
chosen for the design of a Sub-Exa-Watts laser system, Gekko EXA, at ILE-Osaka, Japan [3].
[1] R. Dabu, “Very broad gain bandwidth parametric amplification in nonlinear crystals at critical wavelength
degeneracy,” Opt. Express 18, 11689-11699 (2010).
[2] R. Dabu, “Frontiers of Nonlinear Physics” Conference, Nizhny Novgorod, Russia, July 13 –20, 2010
[3] J. Kawanaka, “Conceptual design of Sub-Exa-Watts OPCPA System”, ICUIL, Mamaia, 17-21 Sept 2012.
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___________________________________________________________________________
It seems important to have an achievable goal in the not too distant future in order to encourage the large goal.
_______________________________ H. Bethe, Physics Today 1979 _________________________________

This contribution is intended to present short information on a part of the ongoing study of
potential coordinated research program in exotic matter physics for new big high-intensity
laser facilities - LMJ-PETAL and ELI (esp. Beamlines pillar) and its (hopefully) relation to
future IZEST activities. The presentation includes the following topics:
(1) High-intensity exotic physics, visions and reality: Planned parameters of the
facilities under consideration allow identify several branches of exotic matter physics for
the research with reasonable chances for positive results in the foreseeable period and
exciting possibilities in the more distant future [1].
(2) Laser lepton science, concepts & applications: Production of unconventional
tertiary particles, esp. positrons and muons, via intense laser interaction seems to be one of
the realistic goals. Focused intensities (FI) in the range 10 20 – 1024 W/cm2 enable to study
and exploit various mechanisms of lepton generation. Positron sources with parameters
suitable both for basic research and sophisticated applications can be developed [2] [3].
(3) First-phase studies: LMJ-PETAL & ELI Beamlines: In the first-phase research,
activities mainly with FI < 1022 W/cm2 are considered. A comparison of ps (PETAL) and
strongly sub-ps (ELI) regimes will be possible. In our contribution, some results of computer
simulations of positron generation using PIC and MC codes will be introduced [4], the role
of potential neutron contamination will be also considered. . Preliminary analysis of selected
prospective experiments in fundamental physics using practical positron / positronium
sources working at these laser intensities will be presented [5].
(4) Thinking about next phase: ELI & IZEST/XCELS: In the next phase, the
availability of intensity interval (1022, 1024 / maybe >1024 W/cm2 ) is supposed. In the paper,
some technical problems of proposed high-intensity experiments (IF ~10 24 W/cm2) linked to
electron pair creation and detection will be outlined. Chances for generation and possible
meaningful applications of laser-generated muons [6] using the ELI facility will be evaluated.
The role of IZEST as a think-tank for prospective extension of the technology and research
[7] beyond this FI interval will be stressed.
In conclusion of the paper, some prospective applications of laser-driven lepton
sources and related know-how beyond the basic physics reseach will be shortly mentioned..
[1] Drska L.: Exotic Matter Physics: Chances for ELI Beamlines. In: 2nd ELI Beamlines Scientific Challenges
Meeting, Prague, October 5 – 6, 2011.
[2] Chen H.: Relativistic Electron-Positron Plasma Jets Using High-intensity Lasers. In: NIF Users Group
Meeting, Livermore, February 12 – 15, 2012.
[3] Liang E. et al. : Positron and Gamma-Ray Creation using the Texas Petawatt Laser Irradiating Gold
Targets. In: APS DPP12 Meeting (2012).
[4] Drska L., d'Humieres E., Hanus V., Sinor M., Tikhonchuk V.: Laser-driven Positron and Muon Generation.
In. ECLIM XXXII, Warsaw, September 10 - 14, 2012. Paper O-12.
[5] Drska L.: Vision of Positron Science with ELI Beamlines. In: Proc. SPIE 8080, SPIE 2011, Paper 80801M.
[6] Titov A.I., Kaempfer B., Takabe H.: Dimuon Production by Laser-Wakefield Accelerated Electrons. Phys,
Rev. Spec.Topics – Accelerators and Beams 12 (2009),111301.
[7] Takabe H.: IZEST Pair Plasma Physics and Applications to Astrophysics. In: IZEST Launching Workshop,
Palaiseau, November 28 – 29, 2011.
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Laser systems generating high-intensity and high-energy laser pulses with pulsed power
exceeding 1PW and energy 1kJ are used for production of radiation in the short wavelength
range (X-rays and extreme ultraviolet - EUV) and beams of charged particles in result of
laser-matter interactions. In the experiments various gaseous targets (gas jets or gas puff
targets) produced by pulsed injection of a small amount of gas under high pressure into a
laser interation region are often used. Usually it is made with the use of an electromagnetic
valve equipped with a gas nozzle. The gas puff target parameters (spatial and time profiles of
gas) depend on the gas backing pressure, the valve and the nozzle design, and are fitted to the
requirements of the specific experiment.
Gas puff targets for various laser-matter interaction experiments have been developed.
The double-stream gas puff targets produced by injection of working gas (xenon, krypton,
argon, nitrogen) into an annular stream of additional gas (helium) allowed us to develop
highly efficient and debris-free laser plasma sources of X-rays and EUV [1-4]. The sources
have been used for imaging in a nanoscale [5], micro- and nanoprocessing polymers [6,7],
micropatterning polymers for biocompatibility control [8] and photoionization of gases [9].
Investigations on generation of coherent short wavelength radiation (X-ray lasers and
high harmonics) required gas puff targets having a form of an elongated gas sheet which was
formed using the nozzle in a form of a slit. Elongated gas puff targets have been used in the
experiments on X-ray lasers [10,11], high harmonics generation [12].
In the paper new gas puff target systems developed for high-intensity and high-energy
laser-matter interaction experiments are presented. Elongated gas puff targets with lengths up
to 15mm are formed using the slit nozzle. The target was recently used in experiments on
acceleration of electron beams and energies higher that 1GeV have been achieved [13]. Using
nozzles in a form of a few orifices placed in a line, multi-jet gas puff targets with the
controlled gas density profiles have been produced [14]. The new targets should be useful for
experiments on efficiency improvement of high harmonics generation. The double-stream gas
puff target equipped with the Peltier cooling system has been also developed for experiments
on laser interaction with cluster targets [15].
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[2] H. Fiedorowicz et al., J.All.&Comp. 362 (2004) 67
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laser-matter interactions. In the experiments various gaseous targets (gas jets or gas puff
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Gas puff targets for various laser-matter interaction experiments have been developed.
The double-stream gas puff targets produced by injection of working gas (xenon, krypton,
argon, nitrogen) into an annular stream of additional gas (helium) allowed us to develop
highly efficient and debris-free laser plasma sources of X-rays and EUV [1-4]. The sources
have been used for imaging in a nanoscale [5], micro- and nanoprocessing polymers [6,7],
micropatterning polymers for biocompatibility control [8] and photoionization of gases [9].
Investigations on generation of coherent short wavelength radiation (X-ray lasers and
high harmonics) required gas puff targets having a form of an elongated gas sheet which was
formed using the nozzle in a form of a slit. Elongated gas puff targets have been used in the
experiments on X-ray lasers [10,11], high harmonics generation [12].
In the paper new gas puff target systems developed for high-intensity and high-energy
laser-matter interaction experiments are presented. Elongated gas puff targets with lengths up
to 15mm are formed using the slit nozzle. The target was recently used in experiments on
acceleration of electron beams and energies higher that 1GeV have been achieved [13]. Using
nozzles in a form of a few orifices placed in a line, multi-jet gas puff targets with the
controlled gas density profiles have been produced [14]. The new targets should be useful for
experiments on efficiency improvement of high harmonics generation. The double-stream gas
puff target equipped with the Peltier cooling system has been also developed for experiments
on laser interaction with cluster targets [15].
[1] H. Fiedorowicz et al., Appl.Phys.B 70 (2000) 305
[2] H. Fiedorowicz et al., J.All.&Comp. 362 (2004) 67
[3] H. Fiedorowicz et al.,J.All.&Comp. 401 (2005) 99
[4] A. Bartnik et al. Nucl.Instr.Meth.A 647 (2011) 125
[5] P. Wachulak et al., Opt.Lett. 35 (2010) 2337
[6] A. Bartnik et al., Micr.Eng. 78-79 (2005) 452
[7] A. Bartnik et al., Appl.Phys.A 117 (2010) 384
[8] B. Reisinger et al., Appl.Phys.A 100 (2010) 461
[9] A. Bartnik et al., Laser&Part.Beams – in preparation
[10] H. Fiedorowicz et al. Phys.Rev.Lett. 76 (1996) 415
[11] H. Fiedorowicz et al. Opt.Lett. 26 (2001) 1403
[12] D.G. Lee et al. Appl.Phys.Lett. 81 (2002) 3726
[13] T.J. Yu et al., invited talk at ECLIM 2012 Conference, Warsaw, Poland (2012)
[14] P. Wachulak et al. Nucl.Instr.Meth.A (2012) – accepted
[15]  Ł. Węgrzyński et al., poster presentation at ECLIM2012 Conference, Warsaw, Poland (2012)

Plasma Waves, Electron Energy Gain, and Non-Linear
Electrodynamics
Stephen Flood1,2,*, David Burton1,2
1

Dept. of Physics, Lancaster University, Lancaster, UK
2
Cockcroft Institute, Daresbury, Warrington, UK
* s.flood1@lancs.ac.uk

The properties of longitudinal electric waves in a plasma are investigated for a general class
of theories of non-linear electrodynamics whose Lagrangian depends only on the usual two
EM invariants and the spacetime metric. The energy gained by an electron over half a
wavelength of the maximum amplitude wave is shown to be independent of the choice of EM
Lagrangian.

Natural Boundary Conditions for Spatially Dispersive
Media
J. Gratus*, M. McCormack
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Cockcroft Institute, Daresbury, Warrington, UK
* j.gratus@lancaster.ac.uk

In laser-plasma electron acceleration, a bubble is formed which traps and accelerates the
electrons. The edge of this bubble regime can effectively be considered as the boundary
between two media. Electromagnetic radiation is produced as the electrons are accelerated,
and this radiation may travel across this boundary. The dispersion relation for the plasma is
complicated and as such the behaviour of the EM radiation crossing the boundary can not
easily be calculated.
While the precise boundary (or junction) conditions are still debated, we will present a
simple model for two adjoined spatially dispersive homogeneous media. A Lagrangian
formulation is presented and from this natural boundary conditions arise.
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In recent years a novel mechanism for ion acceleration known as radiation pressure
acceleration has generated a significant amount of interest. In particular, due to the
potential to produce the high energy, low energy-spread beam of ultra-relativistic ions
required for laser driven ion beam oncology and ion driven fast ignition.
In the parameter space where this mechanism is predicted to dominate a balance
must be achieved where the target is thin enough and the laser high enough in intensity to
accelerate ions but not so high as to burn through the target before significant acceleration
takes place.
In this paper, we report on a recent experimental campaign in which the escaping
fast electron angular distribution was measured using a novel fibre coupled scintillator
detector. Using the Astra-Gemini laser system we explore this predicted RPA parameter
space. Both experimental results and 2D PIC simulations show the onset of burn through
for linear polarisation above a certain intensity threshold. In the circular polarisation case
however, simulations demonstrate the onset of a radiation drive acceleration mechanism.

The e↵ects of retardation and radiation Reaction on the motion
of relativistic electrons
Khalid Iqbal1 and Hartmut Ruhl1
1
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Abstract
The betatron radiation and retarded e↵ects on relativistic electron beam dynamics are studied.
These e↵ects are studied by using the Landau-Lifshitz equation and Linard-Wiechert fields. The
analytical solutions are presented for the di↵erent polarizations of the laser pulse. We have found
that for highly relativistic electron counter propagating to the laser pulse. The self radiation and
retarded fields a↵ect the motion of the electron considerably. As a simple application we have
studied both e↵ects (self radiation and retarded) in a plasma focusing channel. It is found that
retarded and radiation damping reduce the energy gain, however, increase the relative energy
spread and transverse emittance of an electron beam.
PACS numbers:
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Trident pair creation in constant crossed fields
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There has been a growing interest in simulating the interaction of very intense lasers with
relativistic electron-positron plasmas [1,2]. Most commonly, only the lowest-order processes
of non-linear Compton scattering and photon-stimulated pair creation have been included,
although conclusions have been drawn from simulations involving many chains of these
events (cascades). In this poster, we detail results from considering what could be one of the
most important second-order processes in these simulations, the so-called Trident process,
where an incoming electron leads to an outgoing electron plus electron-positron pair (see Fig.
1).
Unlike more sophisticated trident calculations in more complicated backgrounds [3,
4], we study a constant crossed field background as it a) is a good approximation to dynamics
when, generally speaking, the electromagnetic invariants normalized by the critical
Schwinger field are much smaller than one and the quantum non-linearity parameter,   χ  
= 𝑒𝑚
|𝑝 𝐹 | , where 𝑒, 𝑚 and 𝑝 are the electron charge, mass and incoming
momentum respectively and 𝐹 is the Faraday tensor (the speed of light in vacuum and
Planck’s  constant  are  set  to  1);;  b) leads to analytical expressions for the rate that allow a more
intuitive understanding to emerge than a purely numerical evaluation and; c) leads to
expressions that can be feasibly included in simulation codes for laser-plasma interaction
without paralyzing them with expressions that cost too much time to evaluate.
The trident process in a constant crossed field was first approximated in [5]. From the
results of our more detailed derivation and investigation, we show that, when the polarization
of the intermediate photon is taken into account, that part of the trident process which
involves the intermediate photon being real, agrees excellently with the product of the two
subsidiary one-step processes. However, it seems  that  for  large  enough  χ,  and  small  enough  
interaction time, that part of the trident process involving a virtual photon, which is typically
absent in simulations, can even be dominant.

Fig. 1: Feynman diagram of the Trident process
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[3] H.Hu, C. Müller and C. H. Keitel, Phys. Rev. Lett. 105 (2010) 080401
[4] A. Ilderton, Phys. Rev. Lett. 106 (2011) 020404
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Multi-petawatt (PW) lasers have been spread and applied to the highfield science,
laser wakefield accelerators (LWFAs). and ion accelerators. The electron bunch has attained
an energy of multi-GeV in a wakefield excited by a PW-laser. However, energy, charge
fluctuations, pointing stabilities missing as well as the low lumonosity of LWFA output are
not satisfactory to accelerator users. In order to develop essential techniques for obtaining
stable outputs of the LWFA and other types of accelarators, a consortium consists of KEK,
JAEA, AIST, universities and a company in Japan is applying for the fund.
The program consists of three subprograms, (a) the LWFA and a dielectric accelerator,
(b) the advanced beam applications ,and (c) High-density beam handling and new lasers. The
stable plasma cathode, post acceleration by using the tandem plasma channel, and the
LWFA-afterburner are scheduled in the subprogram (a). Generation of intense X-ray and
THz pulses and development of advanced applications of beams are planed in the
subprogram (b). Yb thin-disk laser which can deliver 100TW-pulses at 50Hz will be
developped in the subprogram (c) and be served to the afterburner experiment (Fig. 1). A
simple scaling law [1] predicts the energy gain of 3.6 GeV by injecting the electron bunch
into the law density 35cm-long laser wakefield. The “Transient Plasma Micro-Optics”
technique [2] will be adopted as the stable plasma cathode.
[1] K. Nakajima, et al., PRSTAB 14, 091301(2011).
[2] T.Hosokai, et al., Appl. Phys. Lett. 96,121501 (2010).

Fig. 1 the conceptual drawing of the subprogram (a).

Fast Electron Transport in Warm Dense Matter
D. A. MacLellan1,*, D. C. Carroll2, R. J. Gray1, A. P. L. Robinson2, M. P. Desjarlais3, H.
Powell1, N. Booth2, M. N. Quinn1, G. G. Scott1,2, M. Burza4, X. H. Yuan5 , D. Neely2, C.-G.
Wahlstrom4 and P. McKenna1
1

SUPA Department of Physics, University of Strathclyde, Glasgow, UK
Central Laser Facility, STFC Rutherford Appleton Laboratory, Oxfordshire, UK
3
Sandia National Laboratories, P.O. Box 5800, Albuquerque, New Mexico, USA
4
Department of Physics, Lund University, P.O. Box 118, Lund, Sweden
5
Beijing National Laboratory of Condensed Matter Physics, CAS, Beijing, China
* david.maclellan@strath.ac.uk

2

The physics of the transport of large currents of fast, relativistic electrons in dense matter
underpins many topics in high intensity laser-solid interactions, including warm dense matter,
ion acceleration and the fast ignition approach to inertial confinement fusion. The
propagation of fast electrons within the target is subject to transport instabilities (e.g. resistive
instabilities) which give rise to filamentation of the beam.
Recently, by comparing the fast electron transport properties of various allotropes of carbon,
we have shown that the highly ordered lattice structure of diamond results in a transient state
of warm dense carbon with metallic-like conductivity, at temperatures of the order of 1–100
eV, leading to suppression of electron beam filamentation [1]. By contrast, significant beam
filamentation is observed in less ordered forms of carbon for the same laser conditions. Thus
the ordered lattice structure of warm-dense diamond is found to be a key factor in defining its
high conductivity and hence the properties of energetic electron beam transport. We will
report on new results which demonstrate an intensity dependence of the effect and
comparisons of electron transport properties in diamond with other similarly ordered
materials.
[1] McKenna et al, Phys. Rev. Lett. 106, 185004 (2011)
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Gamma-ray sources are in demand by medicine, material physics and nuclear physics. It is
predicted that efficient generation of MeV gamma-rays can be achieved in laser-matter
interactions at the intensity level about 1023 W/cm2 [1,2,3]. Laser-matter interaction pattern at
such intensities substantially differs from that at lower intensities. A plenty of new effects
such as radiation reaction, quantum recoil, photon decay and ion acceleration arise. These
effects can be highly important for the efficiency of gamma-ray generation.
In this paper 3D PIC (particle-in-cell) simulation results are presented that take into
account all distinctive effects of ultra-high-intense laser-matter interaction physics. For normal
and oblique incidence of a linearly-polarized laser pulse on a thin foil the dependence of
electron, high-energy photon, positron and ion energy after the interaction is given as a
function of laser pulse energy. It is shown that the ion motion can strongly affect electron
dynamics and suppress photon emission.
[1] T. Nakamura et al., Phys. Rev. Lett. 108 (2012) 195001
[2] C. P. Ridgers et al., Phys. Rev. Lett. 108 (2012) 165006
[3] E. N. Nerush et al., Phys. Rev. Lett. 106 (2011) 035001
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The nonlinear coupling of an intense laser pulse with a plasma is known to excite
slowly moving (or standing) electromagnetic solitary structures, which are modelled as
stationary-state nonlinear solutions of the fluid-Maxwell model equations [1-3]. The
existence of these structures has been confirmed in computer simulations and lab experiments
in the last decade [4,5].
The dynamical stability of traveling solitary waves has been studied numerically in
previous studies [6], but not much attention has been paid to non-drifting solitary waves, i.e.
electromagnetic excitations found in the vicinity of each other. We report a series of fluid
simulation results on the stability and mutual interactions of such standing pulses. We show
that two partially overlapping initially standing solitary structures evolve into different end
states depending on their amplitudes and phase difference. In the case of pulses of similar
small amplitudes with no phase difference, these are observed to form an oscillating bound
state, the period of oscillation being dependent on the initial separation between the soliton
peaks. The introduction of finite phase difference is found to break the time periodicity thus
resulting in a pair of escaping solitons.

[1] P. Kaw et al., Phys. Rev. Lett., 68, 3172 (1992).
[2] T. Esirkepov et al., JETP Lett., 68, 36 (1998).
[3] G. Sanchez-Arriaga et al., Phys. Rev. E, 84, 036403 (2011)
[4] M. Borghesi et al., Phys. Rev. Lett., 88, 135002 (2002).
[5] T. Esirkepov et al., Phys. Rev. Lett., 89, 275002 (2001).
[6] V. Saxena et al., Phys. Plasmas, 13, 032309 (2006).
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The two-photon Compton scattering of ultra-short intense laser pulses o↵ relativistic electrons is discussed within a framework based on Volkov states. The approach is based on
relativistic Quantum Electro Dynamics in the Furry picture; it fully takes into account the
time dependent laser envelope. This has been achieved previously for first order strong
field processes, such as one-photon Compton scattering [1,2], showning that a proper treatment of the envelope is significant. Non-perturbative two-photon Compton scattering is the
strong-field extension of double Compton scattering and is a pure quantum e↵ect. As a second order strong-field process it requires a proper treatment of the Dirac-Volkov propagator
[3].
We derive a compact expression for the two-photon emission probability, which contains both contributions due to o↵-shell and on-shell intermediate electrons, where the latter
contribution leads to a factorization of that part of the S matrix as a tree-level application of
Cutkosky rules. The finite laser pulse serves as a regularor to screen the Oleinik resonance
divergences in the on-shell part of the emission probability when working with infinite plane
waves.
Our analytic results are completed by numerical investigations of the emission probability which is compared to the one-photon Compton probabilty.
[1] T. Heinzl, D. Seipt and B. Kämpfer, Phys. Rev. A 81, (2010) 022125.
[2] D. Seipt and B. Kämpfer, Phys. Rev. A 83, (2011) 022101.
[3] D. Seipt and B. Kämpfer, Phys. Rev. D 85, (2012) 101701.
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X-rays with energies of a few MeV represent the majority of the range of ionizing radiation
used for cancer radiotherapy. X-rays are commonly used because they are produced using
flexible, compact and affordable machines. As an alternative to X-rays, electron beams are a
potential modality. However the size and costs of conventional accelerators represent a limit
to their feasibility. Thanks to recent and substantive improvements in laser-plasma wakefield
accelerator technology, high quality electron beams can be produced in millimetre scale
accelerator with a considerable reduction of costs. Monte Carlo simulations and preliminary
experimantal results show that laser plasma wakefield accelerator has a potential to become
another modality in radiotherapy.

Toward Plasma-Based Laser Amplifiers Utilizing
Stimulated Raman Backscattering
David Turnbull1,*, Shuanglei Li1, Anatoli Morozov1, Szymon Suckewer1
1

Dept. of Mechanical and Aerospace Engineering, Princeton University, Princeton, NJ, USA
* dturnbul@princeton.edu

Raman amplification in plasma has the potential to supplement existing laser amplification
technology in order to exceed the maximum unfocused intensity that is attainable with
modern systems by about five orders of magnitude. If proven viable for commercial
applications, it could democratize research conducted with ultraintense laser systems as well
as open the door to new fields of physics. Recent experiments were conducted in preformed
plasma channels that were the result of considerable effort to create what were perceived to
be the ideal conditions for this scheme. However, results remain far afield of the theoretical
predictions. Experimental evidence points to novel and unexpected saturation mechanisms,
which offers some hope in reconciling this disparity.
The evidence includes data from a Frequency-Resolved Optical Gating device that
was built and deployed in order to obtain greater insight into the amplified pulse timeresolved intensity and spectral distributions. It reveals a characteristic frequency shift that
could arise from numerous sources. Particle trapping is one possibility, although the
experimental parameters (low kλD) suggest at first glance that it should not be an important
consideration. However, in the presence of an ion acoustic wave, quasi-mode coupling might
transfer energy into the dissipative regime where Landau damping and particle trapping are
more relevant [1].
Considered largely hypothetical at first, the viability of this scenario appears to be
confirmed by time-integrated spectral data showing signatures of electron-acoustic scattering
(which is indicative of significant particle trapping) only when there are concurrent signatures
of both Raman and Brillouin scattering and in which case the latter feature reveals the
presence of an ion acoustic wave [2]. This surprising data calls for a reevaluation of the
interplay between Raman scattering and competing instabilities, and it points toward new
directions that will hopefully unlock this scheme’s   full   potential   to   be   an   efficient   and  
practical short pulse laser amplifier.
[1] Turnbull et al., Phys. Plas. 19 (2012) 073103
[2] Turnbull et al., Phys. Plas. 19 (2012) 083109
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After discovery of Higgs-boson the particle physicist community should turn its attention for
new challenges directing the focus toward Ultra High Energies. The hope in new accelerator
technologies is greatly enhanced by invention of the laser driven plasma wake field methods
which in principle, can produce beams with PeV (1015 eV) energy, which could open the way
to perform experiments in controlled conditions in circumstances accessible earlier only for
cosmic ray experiments.
From the history of LHC it is a well-known proverb, there is no doubt that one can
build the accelarator but how can we construct the detectors which can use it effectively.
Thus one cannot start early enough to think about the necessary instrumentation, the particle
detectors.
Here we should like to present a new concept which is radically different from the
present onion shell design (vertex pixel, tracker, em-calorimeter, hadron calorimeter and
muon detector). This new system would have a completely homogenous structure built from
standard elements in a scalable way serving at the same time as very fine resolution
TRACKER and a full absorption CALORIMETER with full 4π coverage for both charged
and neutral particles with the usual exception of penetrating neutrinos. Though one is not
expecting accelerators with PeV beams before 2050, one can test the SCT (Scalable
CaloTracker) detector principle at lower energies due to its modular scalable structure. The
key element is a massively parallel information system which can process the complete
shower development on track-by-track base on adaptive granulation levels [1].

[1] A. Agocs and G. Vesztergombi, Scalable CaloTracker (SCT) proposal for universal particle detector from
zero till practically infinite energies, Open Symposion on European Strategy for Particle Physics, 10-12
September 2012 Krakow, Poland, https://indico.cern.ch/contributionDisplay.py?contribId=114&confId=175067
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The advent of the chirped pulse amplification (CPA) technique has allowed the development of
petawatt class laser systems. However the technical limitations stemming from the optical
component damage thresholds have lead to the suggestion of using plasma as a gain medium.
Success in the control of short laser pulse amplification through stimulated Raman back-scattering
(SRBS) could lead to the development of laser systems beyond the petawatt regime. In this scheme
energy transfer from a long pump beam to a short, counter-propagating seed beam is obtained
through resonant excitation of an electron plasma wave. This method leads to an exponential
growth of the seed amplitude. Furthermore, if the interaction evolves into the non-linear regime,
pulse compression is obtained, making the use of diffraction gratings unnecessary.
We will present, here, the latest results obtained both at Strathclyde on chirped pulse Raman
amplification, where we try to control the gain, and at the Rutherford Appleton laboratory where
spontaneous and stimulated Raman back-scattering was studied as function of pump intensity.
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Ultra-compact laser-driven plasma accelerators are leading to novel sources of femtosecond
to attosecond duration high-energy particle and radiation beams that have a wealth of unique
scientific, medical and industrial applications. The Scottish Centre for the Application of
Plasma-based Accelerators (SCAPA) is a major initiative within the Scottish Universities
Physics Alliance (SUPA) project for the advancement of these systems as useful tools for
society [1].
Facilities will include a state-of-the-art laboratory provided with high power lasers, laserdriven plasma accelerators and radiation sources. Research will be focused on the
development and application of next generation accelerator technology. SCAPA will use high
intensity, femtosecond laser pulses as the driver for novel high brightness sources of high
energy particle beams (electrons, protons, neutrons and light ions) and radiation pulses (THz,
infra-red, X-rays and gamma rays).
By working with our partners and clients, SCAPA will use these beams in a variety of
industrial, medical and scientific applications, such as electron and X-ray diffraction,
radiation detector development, nuclear medicine, nuclear physics, condensed matter physics,
medical imaging and molecular biology. It will be possible to test materials under extreme
conditions similar to those encountered in nuclear fission and fusion reactors (ITER, HiPER),
as well as contribute to the development of new types of nuclear fission reactors, such as
ADSRs and ThorEA.
[1] http://www.scapa.ac.uk/
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The Advanced Laser-Plasma High-Energy Accelerators towards X-rays (ALPHA-X)
programme [1] is developing laser-plasma accelerators for the production of ultra-short
electron beams as drivers of incoherent and coherent radiation sources from plasma and
magnetic undulators.
Here we report on laser wakefield accelerator experiments on the University of
Strathclyde ALPHA-X accelerator beam line looking at high quality electron beams.
ALPHA-X uses a 25 TW Ti:sapphire laser (intensity 1  1018 W/cm2, duration 35 fs) focused
into a helium gas jet (nozzle length 2 mm) to generate high quality monoenergetic electron
beams with central energy in the range 80-180 MeV.
The electron beam is fully characterised in terms of the charge, bunch length, energy
spread and transverse emittance. The energy spectrum (with less than 1% measured energy
spread) is obtained using a high resolution magnetic dipole imaging spectrometer [2] while
pepper-pot mask measurements show that the normalised transverse emittance is as low as
1.1  mm mrad (resolution limited) [3].
Coherent transition radiation measurements, that characterise the infra-red emission
spectrum generated by the electron beam passing through thin metal foils, lead to an
estimation of the rms bunch length down to around 2 fs. Imaging plates are used to determine
the absolute charge of the bunch which, for the main quasi-monoenergetic peak, is typically
1 pC or less. Hence, the peak current is ~1 kA illustrating the potential of the laser-plasma
accelerator as a compact radiation source driver.
[1] D. A. Jarosynski et al., Phil. Trans. R. Soc. A 364 (2006) 689
[2] S. M. Wiggins et al., Plasma Phys. Control. Fusion 52 (2010) 124032
[3] E. Brunetti et al., Phys. Rev. Lett. 105 (2010) 215007
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