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► T. Tajima and J.M. Dawson,     Laser Electron Accelerator,      PRL Vol. 43, 267 (July 1979)  

  ● One very high intensity (short) laser pulse
OR
  ● two not so short high energy pulses with the beat frequency matching plasma fre-
quency.

               Plasam wakefield acceleration was born

History

Heroic efforts of beat-wave accelerators era followed

                        until CPA invention
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History

Le principe des lasers à gain large bande et
modes verrouillés  (Ti-Saphir)

  I(!)

  
f

0

Milieu amplificateur sur large bande
spectrale " lasant sur N modes séparés
de #$= c/2Lni. Le nombre de modes est
N ~ 2Lni"/c ~ 105.

Modèle simple d’un spectre de gain rectangulaire (N modes d’intensité I). Si
les modes ont des phases aléatoires, l’intensité moyenne totale est Im=N.I.
Si les modes sont verrouillés, le laser émet un train d’impulsions d’intensité
Ip, N fois plus grande que Im: IP=N2I=NIm. Les modes verrouillés saturent
le milieu beaucoup plus que lorsqu’ils oscillent sans relation de phase. La

variation transversale de l’indice ni(I)
produit un effet de lentille ne
focalisant la lumière que si les modes
sont verrouillés. Un diaphragme
favorise ce régime en bloquant la
lumière sur les bords du faisceau
quand les modes oscillent
indépendamment (il y a d’autres
mécanismes possibles de verrouillage).

Kerr lens mode locking (KLM)

Voir leçon 5

Amplification par étalement et
recompression des impulsions (CPA)

Le verrouillage des modes
limitait dans les années
1980 le flux lumineux dans
le laser à quelques GW/cm2

à cause de la saturation du
milieu amplificateur, soit
~1014 W/cm2 après foca-
lisation du faisceau dans le
vide. La méthode CPA
(chirped pulse amplification),
inventée par Mourou et al, a
permis de gagner plusieurs
ordres de grandeur grâce à
une optique étalant dans le

temps les composantes de fréquence et allongeant les pulses de qqs fs à
qqs nanosecondes. Cela diminue leur intensité et permet de les amplifier
sans saturation. Un 2nd système de réseaux recomprime ensuite les pulses
amplifiés. Un énorme gain en intensité est réalisé. Avec les lasers Ti-Saphir
modernes, on obtient des flux lumineux crête atteignant 1020 -1022 W/cm2.

Strickland et Mourou, Opt.Comm.56, 219 (1985)
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UK Roadmap for Plasma Wakefield Accelerator Research CONTENTS

Figure 2: Non-exhaustive overview of laboratories working on (or with the capacity to work on) laser-driven (black)
and particle beam-driven (green) plasma wakefield R&D. Based in part on the map of high-power laser laboratories
produced by the International Committee on Ultra-high Intensity Lasers (ICUIL).21

4.1.2 PWFAs
Research on PWFAs was initially restricted to a handful of large research centres, but the intensity of research is now
strongly ramping up as more laboratories engage. In the field of e-PWFAs, there are several important multi-national
collaborations providing programmatic or campaign-based R&D at, for example, SLAC FACET(-II), BNL ATF(-II),
DESY FLASHForward, INFN SPARC-X and elsewhere. Research on p-PWFAs, through the AWAKE experiment, is
strongly supported by CERN and involves a large collaboration by the standards of plasma wakefield acceleration.
As mentioned above, the EuPRAXIA project includes a programme on linac-driven plasma wakefield accelerator
concepts.

4.2 The UK perspective
4.2.1 LWFAs
The UK has several internationally leading groups; these are mostly university-based, several of which are also affiliated
with one of the two Accelerator Institutes. The UK groups have made major contributions to fundamental research
on LWFAs. These include the first demonstration of the generation of narrow energy spread beams;3 pioneering
demonstrations of acceleration to the GeV range in externally-guided4 and self-guided25 geometries; the development
of novel plasma channels;26–28 studies of novel methods for controlling electron injection via ionization of dopant
species;29,30 and measurements of the duration31 and emittance32 of laser-accelerated electron bunches. UK groups
have also played leading roles in demonstrating applications of LWFAs, including: the generation of visible and extreme
ultraviolet undulator radiation from laser-accelerated electrons;5,33 the generation of bright betatron radiation with
photon energies in the keV to MeV range;34,35 the application of betatron radiation to tomographic imaging of human
bone;36 and applications to fundamental physics, such as studies of the radiation reaction.37

To date most experimental work by the UK groups has been performed at the Central Laser Facility (CLF)
at the Rutherford Appleton Laboratory (RAL), or at laser facilities outside the UK. The Astra-Gemini TA3 laser,
commissioned in 2008 at RAL, was a major advance for laser driven particle acceleration in the UK. This is not
only because it features an ultrashort high-intensity pulse, which is ideal for laser wakefield acceleration, but also
because it operates at relatively high-repetition rate of 1 shot every 20 seconds, compared to the few shots per hour
of previous petawatt-scale laser facilities. The Gemini laser increased by a factor of 10 the laser energy provided by
the Astra TA2 laser which was used in the first demonstration of the generation of monoenergetic, self-injected beam
experiments.3 The increased pulse energy available from the Gemini laser allows a laser wakefield to be driven to

UK Plasma Wakefield Accelerator Steering Committee 6

Laboratories

credit: PWASC; UK roadmap
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laser intensities, the wakefield has a low amplitude, and consequently 
the plasma electrons cannot gain sufficient momentum to become 
‘trapped’ in the plasma wave. In this regime, for the electrons to 
become trapped, they have to be injected into the plasma wave with a 
sufficiently high initial energy (just as a surfer has to swim fast enough 
to catch a wave). For very intense laser pulses, however, the plasma 
waves are highly nonlinear, and some of the background plasma elec-
trons can be trapped and accelerated; this simplifies the generation of 
an electron beam, but at the cost of reduced control.

Operation regimes. When describing the regimes in which plasma 
accelerators operate, it is convenient to introduce the normalized vec-
tor potential a = eA/mec, where A is the vector potential of the laser 
field. For a linearly polarized pulse, the normalized vector potential at 
the peak of the laser pulse is given by a0 ≈ 0.855 × (I18λμm

2)1/2, where I18 
is the peak laser intensity in units of 1018 W cm−2 and λμm is the laser 
wavelength in units of micrometres. This description of the laser field 
is useful because the quiver motion of the plasma electrons becomes 
relativistic when a0 > ~1; for a laser pulse with λ = 1 μm, the onset 
of relativistic electron motion occurs for peak intensities of approxi-
mately 1.4 × 1018 W cm−2.

For low laser intensities (a0  <<  1), the wakefields are sinusoi-
dal with a wavelength of λp = 2πc/ωp (see Figs 1a and 2a), and the 
amplitudes of the plasma wave and the accelerating electric field are 
both proportional to the laser intensity. The velocity of the oscillat-
ing electrons increases with increasing laser intensity. At high intensi-
ties (a0 > ~1), the relativistic increase of the electron mass reduces the 
plasma frequency, which increases the wavelength of the plasma wave 
and causes the wakefield to develop a sawtooth profile. These effects 
also cause the plasma wavefronts to curve (see Fig. 1b), as a result of 
the variation of the laser intensity with transverse position.

One factor that determines the length for which the accelera-
tion can be driven is the distance over which the laser intensity can 
be maintained. For a Gaussian laser beam with a waist w0 (the radius 
at which the beam intensity is 1/e2 of its axial value), the intensity 
halves at a distance equal to one Rayleigh range zR  = πw0

2/λ beyond 
the focus11. Reaching the high intensities required for plasma 
acceleration (assuming a realistic laser power) requires a focal spot 
size of the order of 10 μm, corresponding to a Rayleigh range of 
0.3  mm for a laser with λ  =  1  μm. To drive plasma acceleration 

over more than a few millimetres, it is therefore necessary to guide 
the laser pulse.

Nature unexpectedly helps through a process known as relativistic 
self-focusing. Because the intensity of the laser radiation is greater on 
axis than in its transverse wings, the relativistic factor γ of the plasma 
electrons oscillating in the laser field decreases with increasing dis-
tance r from the propagation axis. The refractive index of a plasma 
is given by η(r) = (1 − (ne

2e2)/(γ(r)meε0ω2))1/2, and thus the transverse 
variation of γ increases the refractive index near the axis relative to 
that in the wings. Just as in a gradient-refractive-index optical fibre, 
a refractive index profile of this form focuses the beam and so can 
overcome diffraction. For a steady-state beam, this relativistic self-
focusing is balanced12 by diffraction at the critical power Pc ≈ 17.4(ω/
ωp)2  GW. For laser pulses, the picture is more complicated13,14, but 
relativistic self-focusing certainly leads to a considerable extension of 
the laser–plasma interaction; this effect has been exploited in many 
plasma accelerator experiments.

A plasma channel provides an alternative way of extending the dis-
tance over which a laser pulse remains focused. Here, a plasma col-
umn is formed whose density is lower near its axis, creating an axially 
peaked refractive index profile and hence a guiding structure. Several 
groups15–20 have investigated plasma channels suitable for guiding 
high-power laser pulses.

An overview of progress
The genesis of plasma accelerators was the pioneering 1979 paper by 
Tajima and Dawson21 in which they suggested that the strong elec-
tric fields formed within laser-driven plasma waves could accelerate 
charged particles to relativistic energies. Their principal idea was the 
excitation of relativistic plasma waves by a single, intense laser pulse, 
with a pulse duration somewhat shorter than the plasma period — a 
scheme now known as the ‘laser wakefield accelerator’ (LWFA). Here, 
we summarize some of the key stages in the subsequent development 
of plasma accelerators.

Plasma beat-wave accelerators. Tajima and Dawson recognized that 
efficient excitation of the plasma wave would require an intense laser 
pulse with a duration less than 100 fs, and that this was demanding 
for the glass laser systems then available. They therefore suggested 
an alternative scheme: the plasma beat-wave accelerator (PBWA). 
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Figure 1 | Plasma waves driven by intense laser pulses. The laser pulse (red-yellow) propagates from right to left and excites a trailing plasma wave. The 
plasma wave amplitude (blue-green) is shown for laser pulses with initial values of the normalized laser intensity parameter of a, a0 = 0.5, corresponding to 
the linear regime, and b, a0 = 4.0, close to the bubble regime — as indicated by the excitation of a highly nonlinear plasma wave and the formation of a ‘cavity’ 
immediately behind the laser pulse. The spatial coordinates are in units of the plasma wavelength; the vertical scale is in arbitrary units, but that in a has 
been magnified by a factor of ten relative to that in b. In a, the path of plasma electrons pushed by the ponderomotive force of the laser is indicated by the 
green arrows and the longitudinal electric field within the plasma wave is shown in yellow. These simulations were performed using the OSIRIS 2.0 code110.

REVIEW ARTICLE NATURE PHOTONICS DOI: 10.1038/NPHOTON.2013.234

© 2013 Macmillan Publishers Limited.  All rights reserved. 

 

Basic ideas

Intensity laser/wakefield Intensity laser/wakefield

linear regime bubble regime
the spatial coordinats are in units of plasma wavelength 

cold plasma frequency ωp = ( 4 π e2 n0 /me )1/2

plasma wavelength λp = 2 π c/ωp 



Roman Walczak 
University  of Oxford 

Warsaw University, 28 Feb 2020

History

► The breakthrough

action length (see Fig. 4). In contrast, at higher densities the
dephasing distance is shorter than the interaction distance, and so
a quasi-maxwellian distribution of electrons emerges from the
plasma (Fig. 2d).

This acceleration mechanism described is supported by particle-
in-cell simulations of the interaction, performed using the code
OSIRIS25 on an eight G5 node “Applecluster” at Imperial College
London. The simulations were performed over the range of our
experimental parameters, and in 2D3V (two spatial but three
momentum and field dimensions.) As previously noted14, 2D3V
simulations can underestimate the maximum electron energies,

owing to reductions in the degrees of freedom for self-focusing and
plasma wave growth. However, they do accurately describe the
phenomenology of the interaction.
As in the experiments, the simulations show that for plasma

densities for which the plasma wavelength is greater than the pulse
length (lp $ ct), a plasma wave is generated, but there is no wave-
breaking. At these low densities the forced laser wakefield mecha-
nism14 is ineffective. But at densities slightly above this threshold, a
noticeable change occurs in the interaction. The generation of the
plasma wave causes self-focusing of the laser pulse away from its
leading edge, owing to the radial density profile of the plasma wave.
It is noted that for short pulses relativistic self-focusing is ineffective
for the front of the pulse26. The laser pulse becomes shaped like a
cone, tapered towards the rear, with a length close to lp. This causes
a feedback mechanism, where the increasing laser intensity towards
the back causes the plasma wave amplitude to grow, which can
further focus the laser pulse. As the plasma wave reaches large
amplitude the longitudinal motion of the electrons in the wave
becomes relativistic, which leads to a lengthening of the plasma
wavelength.
Crucially, as the laser pulse length is now less than the plasma

wavelength, plasma electrons can stream into the plasma wave
transversely behind the laser pulse, where previously they were
excluded by the laser’s ponderomotive force. Because the waveform
is non-sinusoidal, a large number of electrons can be injected into a
particular phase of the plasma wave and experience an accelerating
force. This transverse breaking of the wave reduces the electric field
strength of the plasma wave, thus preventing further injection and
so ensuring an electron bunch localized in position and time. The
transverse injection of electrons can explain why the plasma wave
can break at amplitudes significantly less (E < E0) than the one-
dimensional cold wave-breaking limit, Ewb ¼

ffiffiffi
2

p ðgp 2 1Þ1=2E0,
where gp is the Lorentz factor associated with the plasma wave
(gp < q0/qpe) (ref. 24).
All of the electrons in this bunch then experience very similar

acceleration as is demonstrated in Fig. 5, until they begin to outrun
the steepened accelerating front of the plasma wave. If the length of

Figure 3Measured electron spectrum at a density of 2 £ 1019 cm23. Laser parameters:

E ¼ 500mJ, t ¼ 40 fs, I < 2.5 £ 1018W cm22. The energy spread is ^3%. The

energy of this monoenergetic beam fluctuated by,30%, owing to variations in the laser

parameters.

Figure 5 Evolution of the energy spectrum of the electrons (integrated over the two-

dimensional simulation box) during a 1mm interaction at a plasma density of

n e ¼ 2.1 £ 1019 cm23. The simulation space was 1,536 £ 1,024 cells (16 cells per l)

with 4 electrons per cell. At the time indicated by the arrow (1) the pulse is self-focused

and some relativistic electrons have appeared, but at quite low energies. The laser pulse

front begins to steepen owing to the forced wakefield mechanism14 and this causes the

wakefield amplitude to grow. At time (2), the plasma wavelength begins to increase

relativistically, and at this point transverse wave-breaking takes place. This bunch

experiences a uniform acceleration to high energy. At later time (3), further plasma

oscillations, behind the initial one, also break transversely, resulting in multiple bunches

of accelerated electrons. As they travel further, these electron bunches begin to

dephase with respect to the plasma wave causing energy spread, just before they leave

the plasma (4).

Figure 4 Plot of dephasing length and cold wave-breaking amplitude versus plasma

density. Simulations show that the dephasing length in a nonlinear plasma wave remains

close to the linear value, L d < 2pcq 2/q pe
3 , owing to competition between the

nonlinearly increasing plasma wavelength, and the decrease in laser pulse group velocity

due to photon deceleration. The dephasing lengths (circles) and wave-breaking

amplitudes (squares) corresponding to the spectra shown in Fig. 2 are indicated; those in

the red shaded region correspond to the spectra that exhibited monoenergetic features,

and those in the blue shaded region correspond to the spectra that exhibited maxwellian

energy distributions. The green line indicates the interaction length observed using

transverse imaging diagnostics.
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2004 
Monochromatic beam
CLF, IC, Strathclyde, UCLA. 
S.P.D. Mangles et al., Nature 431, 535-538 (2004)
and
J. Faure et al. , Nature 431, 541-544, (2004)
C.G.R. Geddes et al., Nature 431, 538-541 (2004)LETTERS

0.40 0.45 0.50 0.55 0.60
0

200

400

600

0.90 0.95 1.00 1.05 1.10

0.03 0.15 0.175 0.3 0.4 0.6 0.8 1.0

0.03 0.15 0.175 0.3 0.4 0.6 0.8 1.0

1

2

3

4

1

2

3

×1
08

(p
C 

Ge
V–1

sr
–1

)
×1

08
(p

C 
Ge

V–1
sr

–1
)

GeV

GeV

10

0

–10

0

10

–10

m
m

m
m

0

250

500

pC
 G

eV
–1

pC
 G

eV
–1

a

b

c d

GeV GeV

Figure 3 Single-shot e-beam spectra of the capillary-guided accelerator. a,b, Examples of bunches at 0.50+0.02
−0.015 GeV (5.6% r.m.s. energy spread, 2.0 mrad divergence

r.m.s., ∼50 pC charge) (a) and 1.0+0.08
−0.05 GeV (2.5% r.m.s. energy spread, 1.6 mrad divergence r.m.s., ∼30 pC) (b). The horizontal axis is the beam energy and the vertical axis

is the beam size in the undeflected (horizontal) plane. The colour scale denotes the bunch charge in pC GeV−1 sr−1. The 0.5 GeV (1.0 GeV) beam shown was obtained in the
225 (310) μm capillary with a density of �3.5×1018 (4.3×1018 ) cm−3 and input laser power of 12 TW (40 TW). The black stripe denotes the energy range not measured by
the spectrometer. In b, a second beam at 0.8 GeV is also visible. Note that the energy spread and divergence are obtained after including the imaging properties of the
spectrometer. The energy spread at 1 GeV may actually be less as the energy resolution is limited to 2.4% at 1 GeV and there is slight saturation of the image. c,d, Vertically
integrated spectra for the 0.5 (c) and 1.0 GeV (d) beams. The vertical axis is the charge density in pC GeV−1. The vertical error bar arises from uncertainty in calibration of the
phosphor screen as a charge monitor (±17%). The horizontal error bar is due to the uncertainty in entrance angle of the e-beam resulting in an uncertainty in its energy. The
spectrometer did not use an input slit, but the angular acceptance was limited by the transport beam pipe. For the 0.5 GeV (1 GeV) beam, this gives an uncertainty in central
energy of +2%,−1.5% (+8%,−5%). In addition, for the 0.5 GeV beam, sufficient statistics were obtained to include the shot-to-shot fluctuation, which amounted to ±5%
in mean energy and ±30% in charge. Hence, the convolution of those factors are shown in c, which are +5.4%,−5.2% in mean energy and ±34% in charge. The
fluctuation in central energy was correlated with fluctuations in laser power.

from the measured e-beam profile. Charge was obtained from the
phosphor screen, which was cross-calibrated against an integrating
current transformer.

Figure 3 shows energy spectra of (a) 0.5 GeV and (b) 1.0 GeV
beams, obtained with 12 TW (73 fs input) and 40 TW (38 fs input)
laser pulses, respectively. In both cases the e-beams had per-cent-
level energy spread and a divergence of 1.2–2.0 mrad (r.m.s.).

Beams at ∼0.5 GeV were obtained using a 225-μm-diameter
capillary for a density of �3.2 to 3.8×1018 cm−3 and for laser power
ranging from as low as 12 TW (using 73 fs) to 18 TW (using 40 fs).
The laser pulse energy transmission was observed to decrease from
near 100% for input powers below 5 TW to less than 70% for input
powers above 18 TW, consistent with laser energy transfer to the
wake and e-beams.

The performance of the 225-μm-diameter capillary-guided
accelerator was found to be reproducible for delays between the
laser arrival and onset of the discharge of 80–110 ns (that is, a
30 ns timing window) and 12 TW laser peak power. Every laser
shot resulted in an e-beam at 0.48 GeV±6% and an r.m.s. spread
<5%. Fluctuations in e-beam energy were directly correlated with
those in laser power. For lower power (<12 TW) no e-beams
were observed, suggesting that the wake amplitude was below the
self-trapping threshold. For higher power (>12 TW), the e-beam

spectra typically showed significant structure (larger spread and
multiple spots) and had much larger divergence, consistent with the
wakefields exhibiting strong transverse structure in these relatively
narrow channels, with a correspondingly strong impact on trapping
(transverse wavebreaking) and focusing of the beams. In addition,
the e-beam energy was lower and the bunch charge higher,
suggesting that at these higher power levels more particles are
trapped and that trapping occurs sooner in the channel, resulting
in significant beam loading and reduction of the wakefield as well
as improper matching of the acceleration length to Ld.

The GeV e-beam was obtained in a 310-μm-diameter channel
capillary for P = 40 TW and a density �4.3 × 1018 cm−3. In this
larger diameter channel, transverse wakefields are reduced but the
guiding properties are less ideal as this capillary requires a larger
input spot size for matching than was used in the experiments.
For lower laser power (<38 TW), no e-beams were observed. For
higher laser powers, the spectrum always showed structure with
significant shot-to-shot fluctuations due in part to the self-trapping
mechanism being sensitive to small variations in the laser and
plasma parameters11. The dynamics of trapping, dephasing, beam
loading11,22 and hosing23 may be responsible for the second spatially
displaced bunch observed near 0.8 GeV in Fig. 3b. Such features are
observed in numerical simulations, owing to trapping of a second

698 nature physics VOL 2 OCTOBER 2006 www.nature.com/naturephysics
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2006 
GeV beam
LBNL, Oxford, Tokyo.
W.P. Leemans et al., 
Nat.Phys. 2, 696 (2006)
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Simultaneous diagnostics for both laser and electron beam

5

ICTs

Single shot spectra 30 MeV - 11 GeV

On target (focus) Maximum value

Peak Power 1.2 [PW] (for 31fs)

Peak Intensity 1.7 [1019 W/cm2] (for w0 53µm)

Laser focusFROG, WIZZLER, 
TERMITES, INSIGHT, 
SEQUOIA etc

K. Nakamura et al., IEEE JQE (2017)
A. Jeandet et al., Jphys Photonics (2019)

slide presented by T. Gonsalves at EAAC 2019

Recent results
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420 pC

Increasing laser power and reducing plasma density has increased charge and 
maximum energy to 8GeV

18

3 cm; 40 TW; ∼5×1018 cm-3

TREX: W. P. Leemans et al., Nat. Phys. (2006)

Few pC

20 cm; 850 TW; 0.27×1018 cm-3

BELLA with heater: Gonsalves et al.,  PRL (2019) 

9 cm
300 TW

∼0.7×1018 cm-3

BELLA: W. P. Leemans et al., PRL (2014)

6 pC

Charge density axis x10
210 pC

Rm=65 um, Q=130 pC
Rm=70 um, Q=53 pC

10GeV simulation @ 
n0=0.22x1018 cm-3

slide presented by T. Gonsalves at EAAC 2019

Recent results
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Snapshots of Laser Wakefields using 
Frequency Domain Holography

Verification of dependence of 
Wakefield periodicity on plasma
density (no fitting parameters)

Chirped
Reference (2ω)Chirped

Probe (2ω)

Wakefield ne = n0 + δne(t)

Ionization
Front

30 TW Pump (ω)

Chirped Frequency Domain Holography Optical Pulse Configuration

data by Nicholas Matlis
at Hercules laser

U. Michigan 11-22-05

Ionization
Front

Holographically Reconstructed
electron density profile of a
Wakefield produced by a 30
TW pulse

Curved
Wavefronts

Wakefield
Oscillations

To Spectrometer

FOCUS
Center for the Advancement of Frontiers in Optical Coherent and Ultrafast Science 

The University of Michigan and the  University of Texas at Austin
NSF Award 0114336

credit: M. C. Downer

Diagnostics
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Diagnostics

credit: Z. Najmudin

WakeÞeld imaging at IOQ, Jena

‣ Transverse shadowgraphy with 
ultrfast probe pulse 

‣ Direct observation of wakeÞeld 

‣ Excellent agreement with 
simulations

Simon Hooker, JAI-Oxford JAI Advisory Board, 7 -8  April 2016

A. Sävert, et al. Phys. Rev. Lett. 115, 055002 (2015)

IC and IOQ Jena
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FACET two-bunch results
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2014

M. Litos et al., Nature 515 (2014) 92

¥ 1.7 GeV energy gain in 30 cm 
of Li vapour plasma. 

¥ 2% energy spread. 
¥ Accelerated bunch has 

charge ~ 70 pC 
¥ Up to 30% wake-to-bunch 

energy transfer efficiency 
(mean 18%). 

¥ 6 GeV energy gain in 1.3 m of 
plasma.

credit: M. Wing, Physics at the Terascale 2015

History; electron driven
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History; proton driven

Proton Drivers for PWFA

Proton bunches as drivers of plasma wakefields are interesting because 
of the very large energy content of the proton bunches.  

Drivers:
PW lasers today, ~40 J/Pulse

FACET, 30J/bunch

SPS 20kJ/bunch 
LHC 300 kJ/bunch

Witness:
1010 particles @ 1 TeV ≈ few kJ

Energy content of driver allows to consider single stage acceleration

SPSC Meeting, October 2015

Strawman Design of a TeV LPA Collider 

Electron

500-1000 m, 100 Stages

500-1000 m, 100 Stages10 GeV

Gas
jet 

Laser

1 TeV

Capillary

Laser in coupling

1 TeV

Positron

Laser

e+

e–

Leemans & Esarey, Physics Today, March 2009 

Laser 
       Injector 
              Plasma Channel 

Multiple 10 GeV LPA stages 

4credit: A. Caldwell, SPSC Meeting 2015
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central propagation axis by transverse electric fields that are present 
only when the proton bunch undergoes modulation in the plasma.

Electron bunches with a charge of 656 ± 14 pC (where the uncer-
tainty is the r.m.s.) are produced and accelerated to 18.84 ± 0.05 MeV 
(where the uncertainty is the standard error of the mean) in a radio- 
frequency structure upstream of the vapour source32. These electrons 
are then transported along a beam line before being injected into 
the vapour source. Magnets along the beam line are used to control 
the injection angle and focal point of the electrons. For the results  
presented here, the electrons enter the plasma with a small vertical 
offset with respect to the proton bunch and a 200-ps delay with respect 
to the ionizing laser pulse (Fig. 1, bottom left). The beams cross approx-
imately 2 m into the vapour source at a crossing angle of 1.2–2 mrad. 
Simulations show that electrons are captured in larger numbers and 
accelerated to higher energies when injected off-axis rather than  
collinearly with the proton bunch17. The normalized emittance of the 
witness electron beam at injection is approximately 11–14 mm mrad 
and its focal point is close to the entrance of the vapour source. The 
delay of 200 ps corresponds to approximately 25 proton microbunches 
resonantly driving the wakefield at npe = 2 × 1014 cm−3 and 50 micro-
bunches at npe = 7 × 1014 cm−3.

A magnetic electron spectrometer (Fig. 1, right) enables measurement  
of the accelerated electron bunch33. Two quadrupole magnets are located 
4.48 m and 4.98 m downstream of the exit iris of the vapour source 
and focus the witness beam vertically and horizontally, respectively,  
to more easily identify a signal. These are followed by a 1-m-long 
C-shaped electromagnetic dipole with a maximum magnetic field of 

approximately 1.4 T. A large triangular vacuum chamber sits in the cavity  
of the dipole. This chamber is designed to keep accelerated electron 
bunches under vacuum while the magnetic field of the dipole induces 
an energy-dependent horizontal deflection in the bunch. Electrons 
within a specific energy range then exit this vacuum chamber through 
a 2-mm-thick aluminium window and are incident on a 0.5-mm-thick 
gadolinium oxysulfide (Gd2O2S:Tb) scintillator screen (Fig. 1; blue, 
right) attached to the exterior surface of the vacuum chamber. The  
proton bunch is not greatly affected by the spectrometer magnets, 
owing to its high momentum, and continues to the beam dump. The 
scintillating screen is 997 mm wide and 62 mm high with semi-circular 
ends. Light emitted from the scintillator screen is transported over a 
distance of 17 m via three highly reflective optical-grade mirrors to 
an intensified charge-coupled device (CCD) camera fitted with a lens 
with a focal length of 400 mm. The camera and the final mirror of this 
optical line are housed in a dark room, which reduces ambient light 
incident on the camera to negligible values.

The energy of the accelerated electrons is inferred from their hori-
zontal position in the plane of the scintillator. The relationship between 
this position and the energy of the electron is dependent on the strength 
of the dipole, which can be varied from approximately 0.1 T to 1.4 T. 
This position–energy relationship has been simulated using the Beam 
Delivery Simulation (BDSIM) code34. The simulation tracks electrons 
of various energies through the spectrometer using measured and 
simulated magnetic-field maps for the spectrometer dipole, as well 
as the relevant distances between components. The accuracy of the  
magnetic-field maps, the precision of the distance measurements 

Electron bunch

Ionizing
laser pulse

Long
proton bunch

Captured electrons

Proton microbunches

Rb �ask

10-m Rb plasma

Laser beam

Laser
dump

Radio-frequency gun

Electron source system

20-MeV
radio-

frequency
structure

Quadrupoles
Dipole

Dipole

Dipole

Imaging station 1 
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Electron
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Accelerated electrons on the scintillator screen

Fig. 1 | Layout of the AWAKE experiment. The proton bunch and 
laser pulse propagate from left to right across the image, through a 
10-m column of rubidium (Rb) vapour. This laser pulse (green, bottom 
images) singly ionizes the rubidium to form a plasma (yellow), which 
then interacts with the proton bunch (red, bottom left image). This 
interaction modulates the long proton bunch into a series of microbunches 
(bottom right image), which drive a strong wakefield in the plasma. These 
microbunches are millimetre-scale in the longitudinal direction (ξ) and 
submillimetre-scale in the transverse (x) direction. The self-modulation 
of the proton bunch is measured in imaging stations 1 and 2 and the 
optical and coherent transition radiation (OTR, CTR) diagnostics. The 

rubidium (pink) is supplied by two flasks at each end of the vapour source. 
The density is controlled by changing the temperature in these flasks and 
a gradient may be introduced by changing their relative temperature. 
Electrons (blue), generated using a radio-frequency source, propagate a 
short distance behind the laser pulse and are injected into the wakefield by 
crossing at an angle. Some of these electrons are captured in the wakefield 
and accelerated to high energies. The accelerated electron bunches are 
focused and separated from the protons by the quadrupoles and dipole 
magnet of the spectrometer (grey, right). These electrons interact with 
a scintillating screen, creating a bright intensity spot (top right image), 
allowing them to be imaged and their energy inferred from their position.

3 6 4  |  N A t U r e  |  V O L  5 6 1  |  2 0  S e P t e M B e r  2 0 1 8
© 2018 Springer Nature Limited. All rights reserved.

AWAKE   https://doi.org/10.1038/s41586-018-0485-4
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Emerging directions

Emerging main directions:

In the US
                ► a roadmap to high energy colliders; TeV energies

In Europe
                ► a roadmap to light sources; GeV energies

All agree
                ► more efficient, higher repetition rate lasers are needed
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Two new developments in the U.S.
Strategy roadmap from DOE-HEP and from Big Idea Summit

W. Leemans, Pisa 29.6.2016

US roadmap
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Plasma target development is required to enable the key experiments. Shaping and precise 
control of plasma target profiles is required for the collider application. In particular, 
development of longitudinally-tapered and near-hollow plasma channels, extending tens of 
centimeters, requires R&D. 
Of crucial importance will be a deep understanding of how to optimize the efficiency from laser 
beam to particle beam, and what the limitations are towards the ultimate performance that 
would make this technology operate at levels superior to present day technology for 
accelerators. Novel methods for extracting energy from plasma wakes via particle bunch shape 
(or current pulse) tailoring must be developed, techniques to reduce the remaining wake energy 
(and hence also reducing the power loading on the structures) by “soaking up” the wake energy 
using additional laser pulses, and direct conversion of power in intense lasers exiting the plasma 
structures using photo-voltaic optical to electric conversion systems which is unique to using 
lasers as drivers. Methods for bunch shape tailoring and wake energy extraction would also 
benefit the beam driven plasma systems. 
Contemporaneously to the demonstration of key experiments, novel diagnostics for LWFA 
beams and plasma targets must be invented and high-fidelity and high-speed simulation tools 
must be developed. Modeling of plasma targets will require 3D magneto-hydrodynamic (MHD) 
codes to be developed, with the proper low-temperature physics and chemistry included. The 
development of the MHD codes will benefit from collaborations with LLNL and SNL, leveraging 
NNSA investments. Capabilities for rapid modeling of multi-GeV-LWFA stages (laser and beam 
plasma interaction) are required for parameter exploration and start-to-end modeling of LWFA-
based colliders. This requires a sustained community effort on development of open source code 

Figure 1:  Roadmap for the development of a LWFA based collider, which lays out phases for invention 
and discovery (during the next decade), the emergence of first applications, and prototype 
demonstrators. A conceptual design study could occur in the 2025-2035 time frame, followed by a five 
year technical design study, culminating with start of construction around 2040. 

US roadmap
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PWFA Roadmap  
The physics program at the Large Hadron Collider (LHC) will end around 2035. If plasma based 
accelerators are to meet the needs of international High Energy Physics Community, the R&D 
Roadmap must arrive at a design with a sufficient level of maturity to be considered as the next 
candidate machine. Consequently, PWFA R&D spanning the next 25 years is outlined in the long 
range roadmap presented in Fig. 4. 

The concepts for plasma accelerator based colliders should continue to be developed to help 
focus R&D. In addition, plasma accelerators are still in a period of rich discovery and a broad 
program of research at both Universities and National Laboratories should continue to ensure 
that the best techniques are identified. Some high level challenges common to all advanced 
accelerator concepts have been identified and summarized in the introductory portion of this 
document. The two areas of beam-plasma physics considered most pressing for research in the 
next decade are emittance preservation and positron acceleration. Additional priorities include 
beam loading, higher transformer ratios, beam dynamics & tolerances, plasma source 
development, staging, off-ramp, and first applications. A detailed roadmap for beam driven 
plasma wakefield accelerator R&D for the next decade is summarized in Fig. 5. 

Figure 4:  High level R&D roadmap for particle beam driven plasma accelerators. 

US roadmap
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12

PROBLEMS

National Security Industry Medicine Discovery Science

 Compact and portable 
radiation sources.

 Replacement of 
radioactive sources.

 Energy efficient 
manufacturing, irradiation, 
sterilization

 Lithography near the 
atomic limit

 Environmental 
remediation, flue gas 
cleanup, and petroleum 
cracking

 Surface treatment of 
materials

 Highly-targeted modalities 
of cancer treatment in 
compact, cheap systems.

 Cases will increase by 
45% in US by 2030; 
global medical linac sales: 
$7.5B by 2020.

 How do we deliver a 
boost in performance 
within a reasonable 
footprint beyond the next-
generation scientific 
facilities already on the 
horizon? 

 Need: Compact machines 
for high-energy electron 
beams 

 Need: Compact machines 
for very high-power, low-
energy electron beams

 Need: Ultra-compact 
machines for low-energy 
electron beams

 Need: Compact machines 
for high-energy electron 
beams 

There are Big Problems out of reach of today’s technology

W. Leemans, Pisa 29.6.2016

US roadmap
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HIGH ENERGY COMPACT ACCELERATORS OPEN NEW 
APPLICATIONS BUT REQUIRE HIGHER AVERAGE POWER

15

Need to go from hours to 
seconds

Medical
Arthroscopic accelerators 
for medical treatment and 
inspection

Performance demo is 
underway.

Security
Compact high energy photon 
sources 
for detecting special materials

Cargo scanning needs 1000x 
more power

Industry and Science
Bright, compact photon 
sources

Key Challenges 
to be overcome:

Engineering for stability, tunability, and reliability 
and 100x higher average power using new laser 
technology

W. Leemans, Pisa 29.6.2016

US roadmap
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Figure 8: Timeline for scientific and technological research and development on plasma wakefield accelerators.
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Horizon2020

EuPRAXIA – Addressing 
the Quality Issue

• Our question for the next 4 years: 

Assuming no resource limits – What would be the best 
1 – 5 GeV e- plasma accelerator we can build? And what 
could we use it for (pilot users)?

R. Assmann, 01/2016 Plasma Linear Collider Workshop LBNL 23

“RF unit test” 
for plasma 
accelerators 

EuPRAXIA
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Horizon 2020
The Project

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

• EU design study in 4th and 
final year: 
16 beneficiaries, 25 
associated partners, 
15 Work Packages, 30 WP 
Leaders, more than 250 
scientists contributed

• One of four DS‘s in physical
science approved in H2020. 
Others: EuroCirCol (FCC), 
CompactLight
(X band), Neutrino (ESS)

EU funded Consortium (3 M€) to produce a 
CDR for a European Research Infrastructure

#EuPRAXIA     #plasma   #accelerator

EuPRAXIA structure
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Horizon 2020
The Consortium – Growing in the Course

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

EuPRAXIA structure
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Horizon 2020
OUTCOME: High Quality Single Bunch Design

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

5 – 30 pC

10 pC – 1 nC Current FEL Facilities

300 – 400 pC

1 – 500 pC Energy Spread
EuPRAXIA points indicate 
start-to-end simulations

EuPRAXIA CDR
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Horizon 2020
OUTCOME: 20 – 100 Hz Lasers Designs

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

• Three laser systems for 
the laser-driven plasma 
accelerator facility

• Baseline: Start from 
lasers at present state-
of-the-art, however, 
extended to  20 Hz and 
then to 100 Hz

• In parallel: 
Development of high 
efficiency, high average 
power lasers

Leo Gizzi, Francois Mathieu et al

EuPRAXIA CDR
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3.4 EuPRAXIA Construction Footprint 75

Figure 3.6: Comparison of the expected EuPRAXIA machine length with parameters for facilities
of equivalent beam energies based on conventional RF-technologies [151, 152]. The transverse size
is not to scale. It is noted that such facilities tend to offer FEL performance parameters which are
not achievable with the EuPRAXIA design. Gains in size must therefore be put into the context of
performance limitations with the EuPRAXIA approach.

EuPRAXIA CDR
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58 Chapter 3. Description of the EuPRAXIA Infrastructure

Quantity Baseline Value
Laser systems
Wavelength 800 nm
Energy on target 5–100 J
Pulse duration ≥20–60 fs
Repetition rate 20–100 Hz
High-energy electron beam from beam-
driven plasma accelerator (PWFA)
Energy 1.0–5.0 GeV
Charge 30–40 pC
Bunch duration ∼13 fs
Energy spread 0.4–1.1 %
Normalised emittance 0.7–1.2 mmmrad
High-energy electron beam from laser-
driven plasma accelerator (LWFA)
Energy 5.0–6.0 GeV
Charge 23–30 pC
Bunch duration 3–11 fs
Energy spread 0.1–0.9 %
Normalised emittance 0.1–1.4 mmmrad
Free-electron laser
Radiation wavelength 0.19–35.9 nm
Pulse duration 0.4–15 fs
Saturation length 16–126 m
Photons per pulse 1.9×109–7.2×1011

Brightness 2×1028–
4.8×1032 photons/[mm2mrad2s(01%BW)]

Betatron source
Photon energy 0.6–110 keV
Source size 1.4–2.4 µm
Photons per pulse 2×108–4×1010

Peak X-ray brightness 2×1021–
1×1026 photons/(mm2mrad2s[01%BW])

Inverse Compton source
Photon energy ≥100 MeV
Pulse duration ∼30 fs
Divergence <1 mrad
Low-energy positron source
Positron energy 0.5–10 MeV (tunable)
Beam duration 20–90 ps
Positrons per shot ≥1×106

High-energy positron source
Positron energy ≥1.0 GeV (tunable)
Beam duration ≤10 fs
Positrons per shot ∼1×107

Table 3.1: Performance summary of the EuPRAXIA design. Further information on the foreseen
machine components and properties can be found in the respective sub-system chapters of Part IV
with a detailed list of performance parameters shown in Chapter 9.

EuPRAXIA CDR
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Quantity Baseline Value
Laser systems
Wavelength 800 nm
Energy on target 5–100 J
Pulse duration ≥20–60 fs
Repetition rate 20–100 Hz
High-energy electron beam from beam-
driven plasma accelerator (PWFA)
Energy 1.0–5.0 GeV
Charge 30–40 pC
Bunch duration ∼13 fs
Energy spread 0.4–1.1 %
Normalised emittance 0.7–1.2 mmmrad
High-energy electron beam from laser-
driven plasma accelerator (LWFA)
Energy 5.0–6.0 GeV
Charge 23–30 pC
Bunch duration 3–11 fs
Energy spread 0.1–0.9 %
Normalised emittance 0.1–1.4 mmmrad
Free-electron laser
Radiation wavelength 0.19–35.9 nm
Pulse duration 0.4–15 fs
Saturation length 16–126 m
Photons per pulse 1.9×109–7.2×1011

Brightness 2×1028–
4.8×1032 photons/[mm2mrad2s(01%BW)]

Betatron source
Photon energy 0.6–110 keV
Source size 1.4–2.4 µm
Photons per pulse 2×108–4×1010

Peak X-ray brightness 2×1021–
1×1026 photons/(mm2mrad2s[01%BW])

Inverse Compton source
Photon energy ≥100 MeV
Pulse duration ∼30 fs
Divergence <1 mrad
Low-energy positron source
Positron energy 0.5–10 MeV (tunable)
Beam duration 20–90 ps
Positrons per shot ≥1×106

High-energy positron source
Positron energy ≥1.0 GeV (tunable)
Beam duration ≤10 fs
Positrons per shot ∼1×107

Table 3.1: Performance summary of the EuPRAXIA design. Further information on the foreseen
machine components and properties can be found in the respective sub-system chapters of Part IV
with a detailed list of performance parameters shown in Chapter 9.

EuPRAXIA CDR
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Horizon 2020
OUTCOME: Beam-Driven Site at Frascati

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

EuPRAXIA CDR FEL
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FEL

FEL

Diffraction before destruction

Effect of X-ray pulse (2fs FWHM, 
12 keV) on T4 Lysozyme was 
simulated.
A proteine showed at different times 
with resepct to the arrival of the 
X-ray pulse. 

Nature 406 (2000), 752-757

Time-resolved serial femtosecond crys-
tallography (TR-SFX) at the European 
XFEL. 

Microcrystals are injected into the 
reaction initiated by blue laser pulses. 

The reaction  is probed by the XFEL 
pulses. 

Science 346 (2014), (6214) 1242-6
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Phase Contrast Imaging vs. Conventional Radiology

Two possible approaches: - detect interference patterns
- detect angular deviations

Refractive index: n = 1 - i ; >> ->
phase contrast (I/I0~ 4z/)  >> absorption contrast (I/I0 ~ 4z/

X rays imaging

credit: A. Olivo UCL Engineering Department
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b) phase contrasta) absorption

DiMichiel et al Proceedings of MASR1997

X rays imaging

credit: A. Olivo UCL Engineering Department
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betatron radiation
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Lopes N. et al. X-ray phase contrast imaging of biological specimens with 
femtosecond pulses of betatron radiation from a compact laser plasma wakefield 
accelerator. In Preparation (2016).

Prostate Imaging with Gemini

IC at CLF’s GEMINI; 2015

credit: Z. Najmudin

betatron radiation
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positrons

credit: G. Sarri

Liverpool 04/07/2018

High-energy positrons

Working point Assuming 100 pC at 5 GeV (5%)
⌦107 positrons at 1 GeV (5%)
⌦Source size: 15 micron
⌦Divergence: 10 mrad
⌦Duration: 5 fs
⌦Emittance: 0.3 micron
⌦Rep. rate: 0.1 – 1 kHz
⌦Positrons/s: 109 – 1010

108 for 1 nC broadband electron beam
A. Alejo et al., submitted (2018) 
Arxiv:1806.02633
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Horizon 2020
OUTCOME: Positron Annihilation Spectroscopy

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

Courtesy M. Butterling, HZDR

• EuPRAXIA would provide access to unique 
regime of detecting small defects at large 
penetration depths

• Does not require highest quality of 
electron beam

Gianluca Sarri et al
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Liverpool 04/07/2018

High-field QED
Unique opportunity to have a narrowband ultra-relativistic electron beam synchronized 
with a PW-scale laser at a high repetition rate
Studies of high-field quantum electrodynamics (> Schwinger field) and access exotic 
phenomena such as: quantum radiation reaction, photon-photon scattering, pair production

K. Poder et al., 
PRX 2018

J. Cole et al., PRX 2018

Unique facility for high-field QED: - high-energy
- narrow bandwidth
- stability

EuPRAXIA

credit: G. Sarri

QED
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Compton source

QUB-led team produced a gamma-ray 
beam in the multi-MeV range with 
highest peak brilliance ever produced!

credit: R. Pattathil and G. Sarri
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Horizon 2020

OUTCOME 
Implementation 
Model

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

EuPRAXIA next stages
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102 Chapter 4. Preliminary Resource and Financial Plan

TDR phase Construction phase Sum
Invest
Total 119 MC 204 MC 323 MC
Beam-driven 34 MC 85 MC 119 MC
Laser-driven 85 MC 119 MC 204 MC
Personpower
Total 981 FTE 854 FTE 1835 FTE
Beam-driven 294 FTE 283 FTE 577 FTE
Laser-driven 687 FTE 571 FTE 1258 FTE
Duration
Total 6 years 4 years 10 years
Beam-driven 4 years 4 years 8 years
Laser-driven 6 years 4 years 10 years

Table 4.1: The estimated integrated costs of the TDR phase and construction are given (a) for the
total project, (b) for the parts connected to the beam-driven plasma accelerator site (PWFA) and (c)
for the parts connected to the laser-driven plasma accelerator sites.

seen that this Europe-wide project would require the support of 184 persons (average) and about
230 persons (peak) for its realisation. This personnel could be in some cases be contributed by
partners in-kind, in other cases would require funding support from national or European funding
agencies. During the EuPRAXIA conceptual design work, about 250 persons have been involved in
the work while an estimated 40 FTE have been invested per year at maximum. The FTE available
to EuPRAXIA would therefore need to roughly grow by a factor six in the project realisation phase.
The high number of persons associated to this project shows that the required persons and resources
in principle exist in the field and in the connected institutions.
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Figure 4.2: The yearly tranches of the required person-power are shown versus the duration of the
project, for the total and split by construction site.

It is noted that a final budget planning will be part of the project preparatory phase that must

EuPRAXIA next stages
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Horizon 2020

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 ... 2065 2066

 ESFRI Review 2
 Procurement and delivery of 

each essential component 
 Installment of each essential 

component
 Commissioning of each 

essential component

OUTCOME: Plan Ahead
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 ... 2065 2066

Project 
Phases

Conceptual 
Design 
Phase

Technical Design Phase (Jan 2020 – Dec 
2025)

Implementation & 
Construction (Jan 2026 –

Dec 2029)

Operation (Jan 2030 –
Dec 2065)

Decom
mission

ing

 Submission of CDR
 Start of operation

 Development of future user and stakeholder 
support

 Calculation of detailed, realistic budget & cost-
benefit analysis

 Submission of ESFRI Roadmap Application

 Technical design of excellence centre sites
 Prototyping of essential machine 

components 
 ESFRI Review 1

 Development of long-term 
science programme

 Technical design of construction site(s)
 Decision on legal structure & governance 

model for implementation and operation
 Procurement of funding for implementation 

& operation

EuPRAXIA - R. Assmann, Final Yearly Meeting - 10/2019

Next steps: Publish CDR
Agree collaboration
Discuss with EU
Apply to ESFRI roadmap

Step 2

Step 3

EuPRAXIA next stages
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Advanced and Novel Accelerator 
concepts (ANAs): definition

Wakefields driven in plasma by intense 
laser beams : LWFA
Wakefields driven in plasma by particle
beams: PWFA
Wakefields driven in structures

(e.g.dielectric tubes) by particle beams: SWFA
Wakefields driven in dielectric 
structures by short‐pulse lasers: DLA

Acceleration gradients larger then 1GV/m

ALEGRO

slide presented by B. Cros at AAC 2018
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ALEGRO

slide presented by B. Cros at AAC 2018

Advanced LinEar collider
study GROup: organisation

ALEGRO WG titles and leaders:
PC: Physics Case (M Peskin, J Tian)
CMD: Collider Machine Design (A Seryi,  D Schulte, H 
Yamamoto)
TMS:Theory, Modelling, Simulations (JL Vay, J. Vieira)
LWFA: Laser wakefield Accelerators (C. Schroeder, S. 
Hooker, B. Cros)
PWFA: Plasma wakefield Accelerators (J Osterhoff, E 
Gschwendter,  P Muggli )
PAC: Positron acceleration (S. Gessner, S. Corde)
SWFA: Structure wakefield accelerator (P Piot, J Power)
DLA: Dielectric laser accelerator (J England, B Cowan)

PC

TMS

CMD

LWFA

SWFA

PWFA

DLA

PAC

ALEGRO 
Steering Group

ALEGRO Working Groups

ICFA
ICFA ANA

Euronnac

Opened to contributions from
interested scientists worldwide

B Cros
C Schroeder
P Muggli

http://www.lpgp.u‐psud.fr/icfaana/ana‐publications‐2017
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Scientific roadmap for a collider
up to design report delivery

http://www.lpgp.u‐psud.fr/icfaana/ANAR2017 workshop and report

ALEGRO

slide presented by B. Cros at AAC 2018
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Overview

Call for Abstracts

Timetable

ALEGRO2020 Workshop (24-27 March 2020): Overview ꞏ Indico https://indico.cern.ch/event/865310/

1 of 2 27/02/2020, 17:58

previous  meetings: 
ANAR 2017 CERN
ALEGRO 2018 Oxford
AAC 2018 Breckenrige 
ALEGRO 2019 CERN

ALEGRO
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In memory of Prof Jerzy Pniewski

Prof Jerzy Pniewski giving a lecture at Heidelberg University on the occasion 
of receiving Honory Doctorate from Heidelberg University.

This photograph was taken by U, Uhrmacher. 
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► Plasma wakefield accelerators are in transition from subjects of research only to sub-
jects of research and applications. 

► EuPRAXIA (funded by H2020) concluded four years of design studies with a CDR. Five 
excellence centres and two construction sides are proposed to develop plasma accelera-
tors offering pilot users electron beams as well as secondary beams of photons and posi-
trons.     

► EuPRAXIA new Consortium Agreement is being discussed and submission of ESFRI 
roadmap application is in preparation. There is an opportunity for new institutions to 
join.

► ALEGRO, a world wide collaboration supported by ICFA, is studying options for ap-
plications of high gradient acceleration technologies in particle physics. The next of its 
yearly meetings will be in Hamburg in March. 

Summary
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History

From the Abstract: 
An attempt is being made to see what is 
involved in constructing a high energy 
accelerator using laser beat-wave princi-
ple...

High energy means here TeV level

Please note participants’ fields of interest 


