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Options towards higher energ¥es

Hadron (p) circular collider e B
p=e R B.vv\'\\ Increase bending field

/ SC bend magnet work (FCC-hh)

Increase radius = size (FCC-hh)

Lepton (e-,e+) circular collider Increase supplied RF voltage
p ( ’ ) p o Eo .4 p .Uoéf"""’ (FCC-ee)

/

Increase mass of acc. particle (muon) _ _
Increase radius = size (FCC-ee)

Lepton (e-,e+) linear collider

L= L- G a?“—h-‘ Increase accelerating gradient

(a) Pushing existing technology (ILC, CLIC)
(b) New regime of ultra-high gradients (plasma,

Increase length (ILC, CLIC) dielectric accelerators)
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Beam Quality Requiremen%s

Future accelerators will require ézgg\high quality beams

—= High Luminosity & High Brightness,
== HighwEneegymé-how. Energy Spread

-N of particles per pulse
=>41.0°

—H1gh repnatiei =>binch traiis
—Small spot size=>lowemittance

\U

-Little . gl
transverse momentum and
angle => low emittance
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High Gradient Optlons

Metallic accelerating structures =>
100 MV/m < E,_< 1 GV/m

" /‘f“j“'éy\
Dielectrict structures, laser or particle driven =>

E...<10 GV/m

Plasma accelerator, laser or particle driver
E... < 100 GV/m

Related Issues: Power Sources and Efficiency, Stability, Reliability,
Staging, Synchronization, Rep. Rate and short (fs) bunches with small
(um) spot to match high gradients




X-band RF structures. — State b% fhe Art

@ T18-CERN-SLAC 8 meas.

B T18-KEK-KEK @ E scaled to 180 ns

o X E, scaled to 180 ns & BDR = 3x107
TD18-KEK-SLAC
T24-KEK-KEK

B T24-Tsinghua-KEK

B TD24-KEK-KEK

B TD24r05#4-KEK-KEK

@ TD26cc-CERN-CERN
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CLIC BDR Criteria

A limit on the acceptable Break-Down Rate
has been set at <3107 per pulse

40 60 80 ‘ p 5 2
Unloaded Accelerating Gradient [MV/m] ‘ & = s
e RN e

BEREEREEEiccick, W. D., Rev. Sci. Inst. 28, 824

(1957) .
* A. Grudiev et al, PRST-AB 12, 102001 (2009)

e S. V. Dolgashev, et al. Appl. Phys. Lett.
97 171501 2010.
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XLS - Compact Frehs HZOZO—DesfgnfStudy

Coord. By G. D’AuriaS&l)

 Compact The key obJEEE e to
demonstrate th¥rough a
Conceptual Design, the

feasibility of a compact and
cost effective FEL facility
driven by X-band RE
technology eventually up to
kHz repetition rate.

e seED = Parameter Soft X-ray  Hard X-ray
SXR BYPASSUNE SN oo e poL van o Photon energy < 0.25-2.0 2.0-16.0
GUN & INJECTOR . - - -
UPTO 300 Mev o2 Gl ,/ : Wavelength 5.0-0.6 0.6 —0.08

Repetition rate 1000 100

N AN e seeoing VAR POL. Pulse duration { 0.1-50 1 -50

CHICANE

i Polarization Variable, selectable
TWIN PILASERS SPLITTER —

Low freq.RF+ Two-pulse delay i +100 +100

Dipole

Two-colour separation o 20 10
Synchronization i < 10 < 10
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X-band from Hreh-Epcrg s 1 & NeO
Industrial and Medical Applicaf§fions

lt—l—(««l‘—a

\\\\\ﬂﬁ— -2

tator Injector Linac Pr tor DC Gun
2.86 GeV @

MAIN BEAM ‘
COMPLEX

CLIC layout and power generation Radiolo;u, security, and

Towards the TeV energy frontier X-ray SRS S will
benefift el COst  and s1zg

reduction
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The E.M. Spectrum of AcCeléfating

Structures

Max accelerating field:
-1/6

110 GH%o

R

T i
Lower stored energy:
Frequency (Hz)

3x10° 3x10° 3x107 3x10® 3x10° 3x10° 3x10% 3x102 3x108 3x10M
output horn

450GHz

Microwaves

radio

radio

radio
Infrared

AM broadcast

Long wave
Shortwave
Far Infrared
Visible light

FM broadeast radio

futur

107! 102 107 10
Wavelength (m)

—
(=}
oY)
—_
(==}
)
—

beam




DielectriGEESECTUTresS

The use of infrared lasers to power optical-scale
lithographically fabricated ticle accelerators 1s a
eveloping area of research has produced interesting
ults in recent years.




DielectriGEESECTUTresS

The of

infrared

use lasers to power optical-scale
lithographically fabricated particle accelerators 1s a
developing area of research that has produced interesting

ults in recent years.

Photonic band gap

SLAC & | Hommelhoff | Si Single
Grating

Electron Energy
Relativistic B 0.998
150 ud
40 fs

~20 um

Laser Energy
Pulse Length
Interaction Length
Peak Laser Field 8 GV/m
Max Energy Gain 30 keV
Max Acc Gradient ~1.5 GV/m*
Grax/Ep ~0.18

J. England et al., Rev. Mod.

Erlangen

30 keV
0.33
160 nJ
110 fs
11 um
2.85 GVim
0.275 keV
25 MeV/m
~0.01

96.3 keV
0.54
52nd
130 fs
5.6 um
1.65 GV/m
1.22 keV
220 MeV/m
~0.13

Si Dual
Pillars

86.5keV
0.52
3.0nJ
130 fs
5.6 um
~1.1 GV/m
2.05 keV
370 MeV/m
~0.4

Physics, V. 86,

(2014)



DielectriGEESECTUTresS

The use of infrared lasers to power optical-scale
lithographically fabricated particle accelerators 1s a
developing area of research that has produced interesting

ults in recent years. Photonic band gap

SLAC & | Hommelhoff | Si Single | Si Dual
Pillars

Electron Energy 30 keV 96.3 keV 86.5keV

Relativistic B L 0.33 0.54 0.52
Laser Energy 160 nJ 5.2nd 3.0nJ
Pulse Length 110 fs 130 fs 130 fs
Interaction Length 11 um 5.6 um 5.6 um
Peak Laser Field 2.85 GVim 1.65 GV/m ~1.1 GV/m
Max Energy Gain 0.275 keV 1.22 keV 2.05 keV
Max Acc Gradient . 25 MeV/m 220 MeV/m 370 MeV/m
Grax/E ~0.01 ~0.13 ~04

p

J. England et al., Rev. Mod. Physics, V. 86,
(2014)






DielectrilGEEaSElICt UTres

DLA module can be built onto the end

\ , , of a fiber-optic catheter and
3 §omb1natlon of DLA modulés | attached to an endoscope, allowing to
optical undulator allows dreaming for B ver controlled, high energy

a\compact table top FEL

radiation directly to organs, tumors,
or blood vessels within the body.

N
[}
s
S
2
2
w

electrons

Electrons with 1-3MeV have a range of
about a centimeter, allowing for
irradiation volumes to Dbe tightly
control led



DielectrilGEENElIctUures

Attoseconds X-ray
Science
F.X. Kértﬁemagj_qig,

THz Inverse Coherent Diffraction Image
Compton Optics + X-ray Spectroscopy col

Scattering .i Detector
) 4 2
-

ICS driver

' All laser drivem =>;
\i' synchr.,

- 1 Joule, 1 kHz Cryogenic Yb:YAG Laser
™ Laser-based THz generation
E. Nanni et LZ,DHIRCs QRk1cg]l undulatos

QN0 L (HONT1 =Y

trdl



DielectrilGEENElIctUures

Attoseconds X-ray
Science
F.X. Kértﬁ@[agj_qig,

Inverse Coherent Diffraction Image
Cathode Compton Optics + X-ray Spectroscopy col

Scattering . Detector

ICS driver

All laser driven

synchr.,

1 Joule, 1 kHz Cryogenic Yb:YAG Laser
Laser-based THz generation
E. Nanni et LZ,DHIRC. QRk1cg]l undulatos

QN0 L (HONT1 =Y

+ Continuous operation of >28hours

Beam Driven exp. at

GV/m fields in DWA FACET

High-fields with small ID structures
— Compressed beam (<25um)
— High charge (3nC)

Beam centroid data
— Measured Energy loss of 200 MeV
— 1.3 GeV/m deceleration
— 2.6 GeV/m peak field

— Strong agreement with PIC

DWA structure
simulations *

a/b=150/200 pm
* L=15cm

(>100k shots at 10 Hz rep) ° Cvliﬁd'icalv Sio,

No signs of damage or L
performance deterioration o0




Principle of plasma acceleration




Principle of plasma acceleration

; J—Electron
N v

Trailingpulse —

Drive pulse

~

J

Electron bubble

Directionoftravel

.

Laser Wakefield
Accelerator ( )
Drive beam = laser

beam

Plasma WakeField
Accelerator ( ) .
Drive beam = high




Principle of plasma acceleration

n,=10"%cm™ = A =300 um

©

- _
Trailingpulse — o -

>
|/

Directionoftravel

Drive pulse

v

Laser Wakefield
Accelerator (LWFR):
Drive beam = laser

beam

>

>
Electron bubble . Plasma WakeField

Accelerator (PWFAR) :
Drive beam = high




Principle of plasma acceleration

Directionoftravel

Drive pulse b

-
-

Laser Wakefield
Accelerator (LWFA):
Drive beam = laser

beam

Electron bubble r Plasma WakeField
Accelerator (PWFR):

, = IOO[GeV/m]\/nO [cm'3] Drive beam = high

Break-Down Limit?
=> Wave-Breaking




Principle of plasma acceleration

VoLuME 43, NUMBER 4 PHYSICAL REVIEW LETTERS 23 Jury 1979

Laser Electron Accelerat

T. Tajima and J. M. Dawson
Department of Physics, University of California, Los Angeles, California 90024
(Received 9 March 1979)
An intense electromagnetic pulse can create a wealk of plasma oscillations through the
action of the nonlinear ponderomotive force. Electrons trapped in the wake can be ac-
s of power density 10"W/cm? shone on plas-

celerated to high energy. Existing glass 1
mas of densities 10'® cm™? can yield gigaelectronvolts of electron energy per centimeter

of acceleration distance. This acceleration mechanism is demonstrated through computer
simulation. Applications to accelerators and pulsers are examined.

PHYSICAL REVIEW LETTERS 18 FEBR! 1985

VOLUME 54, NUMBER 7
th a Plasma

Acceleration of Electrons by the Interaction of a Bunched Electron Beam

Pisin Chen'®

Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305

and

. Dawson, Robert W. Huff, and T. Katsouleas
ssics, University of California, Los Angeles, California 90024
(Received 20 December 1984)

A new scheme for accelerating electrons, employing a bunched relativistic electron beam in a n =

cold plasma, is analyzed. We show that energy gradients eed 1 GeV/m and that the driven b{’(lnl

electrons can be accelerated from yumc? to 3yome? before the driving beam slows down enough to 3 P
degrade the plasma If the driving electrons are removed before they cause the collapse of the B 2
plasma wave, energies up to 4y§me? are possible. A noncollinear injection scheme is suggested in -7{ O" O"
order that the driving electrons can be removed. r z

1.
Department of Phy

LWFA limitataoess

Depletion
DI

Il T mat+at+1 ~AnNna



Principle of plasma acceleration

Vorum 43, NumbER 4 PHYSICAL REVIEW LETTERS 23 Jury 1979 a B .
- eam Loading

Laser Electron Accelerator

T. Tajima and J. M. Dawson
Department of Physics, University of California, Los Angeles, California 90024
(Recelived 9 March 1979)

An intense electromagnetic pulse can create a wealk of plasma oscillations through the
action of the nonlinear ponderomotive force. Electrons trapped in the wake can be ac-
celerated to high energy. Existing glass lasers of power density 10'*W/cm? shone on plas-
mas of densities 10'® cm™? can yield gigaelectronvolts of electron energy per centimeter
of acceleration distance. This acceleration mechanism is demonstrated through computer
simulation. Applications to accelerators and pulsers are examined.

VOLUME 54, NUMBER 7 PHYSICAL REVIEW LETTERS 18 FEBRUARY 1985

Acceleration of Electrons by the Interaction of a Bunched Electron Beam with a Plasma

Pisin Chen'®
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305

and

J. M. Dawson, Robert W. Hul
Department of Physics, University of California, Los Angeles, California 90024
(Received 20 December 1984)

A new scheme for accelerati rons, employing a bunched relativistic electron beam in a
cold plasma, is analyzed. We show that energy gradients can exceed 1 GeV/m and that the driven beam
electrons can be accelerated from yome? to 3yome? before the driving beam slows down enough to
degrade the plasma v If the driving electrons are removed before they cause the collapse of the
plasma wave, energies up to 4yfmc? are possible. A noncollinear injection scheme is suggested in
order that the driving electrons can be removed.

LWFA limitationms:
Depletion

DIANNE'A SN al i 20l evn € He A R'rOQ 1 0N HNaape




World-wide effort

';’jlﬁnu 1ap w:lrrF ILP IHCE
T

JIHT VNIEF

ELI-ALPS [
INFLPR
ELkNP

F
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

Courtesy B. Hiddings



~

BELLA, Berkeley Lab, US E

Laser Driven Plasma Wakefield Acceleration Facility: Today: PW laser! BERKELEY LAB

Petawatt laser guiding and electron beam acceleration to 8 GeV ina Multistage coupling of independent laser-
. . . plasma accelerators

laser-heated capillary discharge waveguide

A.J.Gonsalves et al., Phys.Rev.Lett. 122, 084801 (2019) -. 3. Steinke, (Id\j?ture 530, 190 (2016)

1
gas jet Plasma jeng

Electron spectra, up to 6- 8 GeV
115
: R K
A { -1 : - - - - - ]
" H 05 20 3.0 40 50 6.0 7.0 78890 -0
< u M:jrn/((;eV/c) \
l ] - 2
>210pC

1.1 g 0 0 o 0 g g g g d
50 52 54 56 58 6.0 6.2 64 6.6 6.8 7.0
Momentum (GeV/c)

1.1
-0-
N -

Laser heater added to capillary [N i Pl

diplole magnet

Q
3
o
100 &
[a)
@
<
o

O/N\SD)/PeIW/ DS

(o/n20)pEIW/Od

- path to 10 GeV with continued Staging demonstrated at
improvement of guiding in progress
| 100MeVs level.




FACET, SLAC, US

Premier R&D facility for PWFA: Only facility capable of e* acceleration

20GeV, 3nC, 20um’, e & e* -

e Timeline:
Commissioning (2011)
Experimental program (2012-2016)
*  Key PWFA Milestones:
Mono-energetic e acceleration
High efficiency e acceleration
First high-gradient e* PWFA

Demonstrate required emittance, energy spread

Energy doubling of 42 GeV electronsin a

metre-scale plasma wakefield accelerator
High-Efficiency acceleration of an

electron beam in a plasmas
wakefield accelerator, 2014

1. Blumenfeld et al, Nature 455, p 741 (2007)
> gradient of 52 GV/m

M. Litos et al., doi, Nature, 6 Nov 2014,
10.1038/nature 13882

Facility hosted more than 200 users, 25 experiments
One high profile result a year
Priorities balanced between focused plasma wakefield

acceleration research and diverse user programs with ultra-

high fields
Unique opportunity to develop future leaders

naturs

9 GeV energy gain

A=}
Initial energy

s

P

accelerator

X fmm}

Fusion 58 034017
35

3

5

BRB82RBRE

18

Energy,

3

]
g =
22| 8
> | ex
3
25| &
b3
5

70 pC of charge accelerated, 2 GeV energy
gain, 5 GeV/m gradient & Up to 30%
transfer efficiency, ~2% energy
spread

210 i
05 10150
X (mm)

ina

beam-driven plasma wakefield

M Litos et al 2016 Plasma Phys. Control.

5 10
A (pC/mm)




Positron Acceleration, FACET

Positrons for high energy linear colliders: high energy, high charge, low emittance.

First demonstration of positron acceleration in plasma (FFTB)

B.E. Blue et al., Phys. Rev. Lett. 90, 214801 (2003)
M. J. Hogan et. al. Phys. Rev. Lett. 90 205002 (2003).

Energy gain of 5 GeV. Energy spread can be as low as 1.8%
(r.m.s.).

S. Corde et al., Nature 524, 442 (2015)

dQ/dE (pC G
) Charge density (pC GeV' mm™")

High-density, compressed positron beam for non-linear PWFA
experiments. Energy transfer from the front to the back part of
the bunch.

Two-bunch positron beam: First demonstration of
controlled beam in positron-driven wake
S. Doche et al., Nat. Sci. Rep. 7, 14180 (2017)

Hollow pIasma channel: positron propagation, wake
excitation, acceleration in 30 cm channel.
S. Gessner et. al. Nat. Comm. 7, 11785 (2016)

)

) 0.8 0.6 0.4 0.4 o6 o8
S v ———

oo

s Vacuum

o S
oo

Witness Beam e*

Measurement of transverse wakefields in a hollow plasma
channel due to off-axis drive bunch propagation.

C. A. Lindstrgm et. al. Phys. Rev. Lett. 120 124802 (2018).

(b) No channel Aligned channel Misaligned channel

=» Emittance blow-up is an issue! = Use hollow-channel, so no plasma on-axis, no complicated forces from plasma
electrons streaming through the plasma —> but then strong transverse wakefields when beams are misaligned.



AWAKE, CERN N

AWAKE has demonstrated during Run 1 (2016-2018) that the seeded self-modulation is a reliable and robust processiand that electrons can
be accelerated with high gradients.

500m) Electron Source system =» Electrons accelerated to 2 GeV in 10m.
e

Lad2%saam L aaode =>» Energy is as expected from simulations g

! \ 1 RF2ps 2°F §  Nogradient

—

Electron beam
10 m Rb Plasma

Proton beam
400 GeV
3x10'p
400ps

10" em?

E. Adli et al. (AWAKE Collaboration),
Nature 561, 363—-367 (2018)

Seeded self-modulation of the proton bunch:
=>» SSM process is reproducible, reliable and stable.

Marker Marker Marker
Laser Laser Laser Laser

Pul Pul Pul Pul
ulse 50ps ulse 50ps ulse 50ps ulse 50ps

31 Bunches!!!

1 < Front
5855803 iai&g&a&.ﬁbﬂ"“‘“‘w; i a5 5
P mugon 3 ~o,/c~200ps i E. Adli et al. (AWAKE Collaboration), Phys. Rev. Lett. 122, 054802 (2019).
- /. Turner et al. (AWAKE Collaboration) PRL, 122, 054801 (2019);




FLASHForward>>,

- unique FLASH facility features for PWFA
- FEL-quality drive and witness beams
- up to 1 MHz repetition rate

1.2 GEV BEAMS

- 3™ harmonic cavity for phase-space linearization i
VL FROM FLASH

—» tailoring of beam current profile

- differentially pumped, windowless plasma sources

«  2019: X-band deflector of 1 fs resolution post-plasma
(collaboration with FALSH 2, SINBAD, CERN & PSI)

- Future: up to 800 bunches (~MHz spacing) at 10 Hz
macro-pulse rate, few 10 kW average power.

— A_Aschikhin etal., NIM A 806, 175 (2016)

pasiion T (arh units)

i5 050 075 080 085 09 095 Lop 105 LW 115

energy K (GeV)
(12.3 + 1.7) GV/m wakefield generated in 30
mm plasma cell

12.7% total energy loss to plasma wakefisld




quality, beam

SPARCLAB, Frascati, Italy

SPARC_LAB is the test and training facility for

EuPRAXIA@SPARC LAB => Main challenges addressed in this facility: be

transport

. ——

Plasma Lens Experiments:
Acceleration of high brightness beams and transport to the final application,
while preserving the high quality of the 6D phase space

Magnetic Field (B ) vs Force on electrons (F)

<098 |

uv
R. Pompili et al., PRL 121 (2018), 174801

BELLA, LBNL: J. van Tilborg et al., PRL 115 (2015), 184802
CLEAR, CERN: C.A. Lindstrom et al., PRL 121 (2018), 194801

-

150 MeV drive/witness beam
FEL experiments

Resonant PWFA

LWFA with 200 TW laser

Plasma dechirper:
Longitudinal phase-space manipulation with the wakefield
induced in plasma by the beam itself.

OU

p
: in N~ — t
\ Plasma density profile
z Y4

— L
\

- - =
..,

From 0.6% to 0.1% energy spread

V. Shpakov et al., PRL 122 (2019), 114801

FLASHForward, DESY: R. D’Arcy et al., PRL 122 (2019), 034801



“Wake-up-call” to realityf

100

Courtesy R.
Assmann

Compact FEL's? Lower quality
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M. Migliorati et al, Physical Review Special Topics,Accelerators and Beams 16, 011302 (2013)
K. Floettmann, PRSTAB,6, 034202 (2003)




PLASMA RESEARCH EG;RA}%A

ACCELERATOR WITH
EXCELLENCE IN

APPLICATIONS
‘ A

EuPRAXIA Design Study started on November 2015
Approved as HORIZON 2020 INFRADEYV, 4 years, 3 M€
Coordinator: Ralph Assmann (DESY)

- N LA ® I -
ains @
[ o
Bl ety L http:/ W .




PLASMA RESEARCH EG;RA}/GA

ACCELERATOR WITH
EXCELLENCE IN

Consortium

PRA I\GA Participating Institutions

16 Participants
@ s SED__ @i
g LIVERPOOL
B.....
25 Associated Partners
Cuisner

ﬁmuzu o 1 UCLA

| & AT {,I'H'n_]'? A jiLiCH BH= & ok

N\ LA = LI
ol B Ed Rl H—
_ **: I
——— o Fllmm =

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 653782.

http:/ /eupraxia.—project.eu.
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| PRESENT PLASMA E- ACCELERATION EXPERIMENTS

Demonstrating
100 GV/m routinely

Demonstrating many
GeV electron beams

Demonstrating basic

Engineering a high quality,
compact plasma accelerator

5 GeV electron beam for the
2020’s

Demonstrating user readiness

Pilot users from FEL, HEP,
medicine, ...

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 653782.

PLASMA ACCELERATOR
PRODUCTION FACILITIES

Plasma-based linear collider in
2040’s

Plasma-based FEL in 2030’s

Medical, industrial
applications soon

&

eupraxia.—pject.eu,
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EuPRAXIA scientific goals r
Compact Free Electron Laser et al:

Electron beam parameters at the undulator
Single and multi-stage acceleration of Quantity
electrons to 1 — 5 GeV, transverse

Target parameters -"'.m_’ ey

Symbol [Unit of Meas.] NR (1 Gev)

’
emittance of 1 mm-mrad, energy Eneray
spread between % to 103 Charge Q [pC]
Highly compact machine layout Bunch length (FWHM) trwiim [TS]
(factor 3 gain in floor space, up to Peak current 1 [kA]

factor 10)

60 Me 5 Gev

1 GeV
DESY ¢ )

INFN

150 Me

IST, LLR
LPGP, CN

Repetition rate f[Hz]
PW pulsed lasers developed together i r— _

with industry and laser institutes. = e —
Operation with high stability at 20 — : i v [ I

100Hz. Total energy spread
Compact beam driver based on X- R e
band RF technology from CERN. Slice energy spread

A
-

2|4
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Other Related Talks at IPAC2019:
Control of Laser Plasma Accelerated Electrons: A Route for Compact FELs — Marie-Emmanuelle Couprie (SOLEIL)
» Lasers for Novel Accelerators — Leonida Gizzi (INO-CNR)



Advanced methods~to-

| »

' | ‘ Beatwave

Injection phase

Colliding laser pulses: use
the beating of 2 laser pulses
to control the localized
lectron injection above
ve-breaking threshold

Faure et al., Nature 444,
B2 006)
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‘ \ | Beatwave
Injection phase )
Colliding laser pulses: use

the beating of 2 laser pulses
to control the localized
lectron injection above
ave-breaking threshold

Faure et al., Nature 444,
B2 006)

wakefield

cathode electron-driver

Wa ield Induced
Ioniza This
mechan “exploits the
electrd wakefields to
ienizel €lectrons ESEenNe

dopant gas and trap them
in a well-defined region
of the accelerating and

focusing wake phase,
Martinez de la Ossa e
Eplecy Phys. Rev. Lett.
111, 245003 (2013)
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plasma . ’ ield Induced
} | \ . l Ioniza 4 This

mechan ‘exploits the

I‘- \ L BERRWaVS electri wakefields to
e . ionize electrons from a
: _ dopant gas and trap them
wakefield T in a well-defined region
cathode electron-driver of the accelerating and
L i OSSN g wake phas@ ’
Injection phase e Martinez de la Ossa e

Eplecy Phys. Rev. Lett.
111, 245003 (2013)

Trojan Horse methodes:
er—-controlled release
ectrons directlyis
particle-beam-
plasma blowout.

“ " B, Hileceline && al,, REwv.
Ecfield | GVIm 5 IHEgegeis 108§, 0)255(0)(0)
(2012) .

Colliding laser pulses: use
the beating of 2 laser pulses
to control the localized
lectron injection above
ve-breaking threshold

. Faure et al., Nature 444,
B2 006)

He electron yv / 1e8 m/s
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Applications of plasma acceler@tors

A possible simple setup for Thomson scattering experiments with self-

F FEee E :l_ eC t ron injected electrons [1/2] (~compatible with existing setup)
LLasers
Synchrefson
S O u r C e S homson scattering beam (TBi
C Omp t on S @iiNEErS Ry e Acceleration beam (AB)
oY « AB OAP: f/10, a;~4-5
H j_ gh - F i = l d « TB OAP: to be defined (see below), a,~0.5, but size (— energy) depending on the e- beam
= emittance
Physics Sarri, G. et al, Nat. Commun. 6, 6747 (2015).
Pos i Tron Sources [[risEivayseeris i1 High intensity

Vint.

High Energyj
Physics




Betatron Radilation Source

| —

J—Electron

E Esarey PRE 65,

Kneip,
(BZONN]) .

Appl.

Phys.

056505

LECE .

(2002)
99,

investigating dense
materia « drials

Small source—. intrinsically high
resolution, exhibi al resolution
Small divergence (~ 10 mRad)

Short pulse (~10s fs), suitable for
ultrafast dynamics

Bright (>109 photons per shot), suitable for
ainale <chot 1macinaga




Two facilities will be proposed as the required intermediate step between prcﬁf\of principle and r facility!

—
EuPRAXIA future i

Laser-driven PWA facility

Life-science &

Beam-driven PWA facility

Plasma INjector m— materials X-ray

imaging user area

Table-top test beam
Plasma Conversion & user area
Plasma Injector - S
d Accelerator conditioning =
Ultracompact positron
source user area

Undulator -

Plasma
Accelerator

RF ICS X-ray source
RF Injector ==9  Accelerator user area

IPEKITTE) —p- Undulator
Accelerator

HEP detector test
. [aSET ) user area
Plasma Conversion &

Accelerator conditioning GeV-class positron

—p clectrons
el pOSitrons user area

EuPRAXIAWESPARC LAB

RF Injector

Secondary.
SoucE
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Accelerator-based High Energy Physics will at some point bemﬂy limited By the size and cost
of the proposed e*e- colliders for the energy frontier.

Novel Acceleration Techniques and Plasma-based, high gradient acceleratorsfopen the realistic
vision of very compact accelerators for scientific, commercial and medical applications.

The R&D nowg,concentrates on beam quality, stability, staging and continuous operation. These are
necessary steps towards s technological applications.

The progress in advanced accelerators benefits from strong synergy with general advances in technology,
for example in the laser and/or high gradient RF structures industry.

A major milestone is an operational, 1 GeV compact a
stability must be addressed. This unit could become a stage i

=» PILOT USER FACILITIES Needed

in repetition rate and
elerator..



Acknowledgements:

Greatly appreciate slides from and discussions with: Ralph Assmann, Edda Gschwendtner, A. de La , D. Alesini
And the EuPRAXIA, XLS, BELLA, FLASHFoward, SINBAD, AWAKE collaborations

Other Related Ta]ks at IPAC2019:

- i:
5% .

«  Control of Lasér Plasma _ed Electrons: A Route for Compact FELs — Marie-Emmanuelle Couprie (SOLEIL)

* 20 Years of Laser lon Accelératlt;n: Review and Recent Advances — Bjorn Hegelich (University of Texas at Austin)

* Lasers for Novel Accelerators — Leonida Gizzi (INO-CNR)








<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ABSALOM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /ALIBI
    /AllegroBT-Regular
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BATAVIA
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CASMIRA
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /ComicSansMS-BoldItalic
    /ComicSansMS-Italic
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DauphinPlain
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /ELEGANCE
    /Elephant-Italic
    /Elephant-Regular
    /ELLIS
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EXCESS
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GENUINE
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HELTERSKELTER
    /HERMAN
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISABELLE
    /JavaneseText
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LeelawadeeUI
    /LeelawadeeUI-Bold
    /LeelawadeeUI-Semilight
    /Lithograph-Bold
    /LithographLight
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /MalgunGothicSemilight
    /MalgunGothic-Semilight
    /MANDELA
    /Mangal-Regular
    /Marlett
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MATTEROFFACT
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MICRODOT
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiLight
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUILight
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiLight
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /MicrosoftYaHeiUILight
    /Microsoft-Yi-Baiti
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyanmarText
    /MyanmarText-Bold
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NirmalaUI-Semilight
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OPENCLASSIC
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PosterBodoniBT-Roman
    /PRETEXT
    /Pristina-Regular
    /PUPPYLIKE
    /Raavi
    /RADAGUND
    /RageItalic
    /Ravie
    /REALVIRTUE
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeMDL2Assets
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUIBlack
    /SegoeUIBlack-Italic
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUIEmoji
    /SegoeUIHistoric
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-LightItalic
    /SegoeUI-Semibold
    /SegoeUI-SemiboldItalic
    /SegoeUI-Semilight
    /SegoeUI-SemilightItalic
    /SegoeUISymbol
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SimSun-ExtB
    /SitkaBanner
    /SitkaBanner-Bold
    /SitkaBanner-BoldItalic
    /SitkaBanner-Italic
    /SitkaDisplay
    /SitkaDisplay-Bold
    /SitkaDisplay-BoldItalic
    /SitkaDisplay-Italic
    /SitkaHeading
    /SitkaHeading-Bold
    /SitkaHeading-BoldItalic
    /SitkaHeading-Italic
    /SitkaSmall
    /SitkaSmall-Bold
    /SitkaSmall-BoldItalic
    /SitkaSmall-Italic
    /SitkaSubheading
    /SitkaSubheading-Bold
    /SitkaSubheading-BoldItalic
    /SitkaSubheading-Italic
    /SitkaText
    /SitkaText-Bold
    /SitkaText-BoldItalic
    /SitkaText-Italic
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TeXGyreTermes-Bold
    /TeXGyreTermes-BoldItalic
    /TeXGyreTermes-Italic
    /TeXGyreTermes-Regular
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TRENDY
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YuGothic-Bold
    /YuGothic-Light
    /YuGothic-Medium
    /YuGothic-Regular
    /YuGothicUI-Bold
    /YuGothicUI-Light
    /YuGothicUI-Regular
    /YuGothicUI-Semibold
    /YuGothicUI-Semilight
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


