’.C'ourtesy of BELLA, Berkeley




New Acceleration Techniques

Massimo.Ferrario@Inf.infn.it

| Future goals

Conceptual Design started

—
ILC

Technical Design exists 7
Waiting funding decision

p storage rings

e*and/or e
accelerators
(storage rings,
linacs, FEL’s)
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“How to advance?”

Hadron (p) circular collider — R
=0 R B_v\ Increase bending field
/ SC bend magnet work (FCC-hh)

Increase radius = size (FCC-hh)

Lepton (e-,e+) circular collider Increase supplied RF voltage
p ( ’ ) px EO « A4 e Uoé/ (FCC-ee)

/’

Increase mass of acc. particle (muon)

Increase radius = size (FCC-ee)

Lepton (e-,e+) linear collider
P Fees pP= L: Gacf,\ Increase accelerating gradient
(a) Pushing existing technology (ILC, CLIC)
(b) New regime of ultra-high gradients (plasma,
Increase length (ILC, CLIC) dielectric accelerators)




Modern accelerators require high quality beams:
== High Luminosity & High Brightness

==> High Energy & Low Energy Spread

-N of particles per pulse => 10°
—High rep. rate f.=> bunch trains

—Small spot size => low emittance

—Short pulse (ps to fs)

—-Little spread in transverse
momentum and angle => low emittance




High Gradient Options

S

 RF accelerating structures, from X-band
to K-band => 100 MV/m < E__ <1 GV/m

e Dielectrict structures, laser or particle
driven =>1 GV/m<E___<5 GV/m

 Plasma accelerator, laser or particle
driven =>1GV/m<E_ < 100 GV/m




Lawson-Woodward Theor

(J.D. Lawson, IEEE Trans. Nucl.

The net energy gain of a relativistic electron interacting
with an electromagnetic field in vacuum is zero.

The theorem assumes that

(i) field is in vacuum with no walls or boundaries present,

(ii) the electron is highly relativistic (v = c) along the acceleration path,
(iii) no static electric or magnetic fields are present,

(iv) the region of interaction is infinite,

. AE= e/mv -E(r(t), t)dt, r(rj = r0-+ VI,

E(r. t) = /d3kE(k)eik~r’—i(1)t' o = Ck.

.g{actromagnetic wave dil

AE = ey - /00 dr/ d3kE'(k)eik-(ro+vt)—ia)l

= 2re / Lhkv -E(k)e*"5(w—k-v)=0
|

w—k-v=ck(l-pcosa) >0, =0=0



RF Acceleration
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Taking into account the boundary conditions the accelerating
component of the field becomes:

| i r c0s—x sin | PV
Ez(X,Z,t)=(E+ szn@)em ik{z cost—xsin )—(E+ sm@)em ik(z cos6 +x sinf)

= 2iE, sinf Sin(kx sin 6)6“"”"”‘Z coso

l \ z-TW

pattern

: I\
» X-SW X

2d
: pattern B~
.
-

B, <4
DR,
2E=E @,




kcos@ cosB







Conventlonal RF acceleratlng structures
| *! "a ; g




Typical:breakdown and pulsge heatmg
damgge |s standlng wave structure ceII
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Vim

J.F.Delahaye

Dark Current caplure

RF Breakdown hi.?\
Surface hesting
(40 cegros)
VLEPPI

NLC

';Aceolouung gradient (M

JLC(C)
1000

JLC(C)
500

Frequency (GHz)

E, = 220(f[GHz]))"* MV /m

High field ->Short wavelength->ultra-short bunches-> low charge




ﬂb X-band RF structures best performances I: 4

B meas.
® E0 scaled to 180 ns

X E, scaled to 180 ns & BDR = 3x107;

N

P

-

(0]
|

BDR [1/pulse/m]

CLIC BDR Criteria

3e-07
=W g — e — —— e e S e
0 20 40 60 80 100 120 140

Unloaded Accelerating Gradient [MV/m]
LINAC16, East Lansing, 27 September 2016 Walter Wuensch, CERN



& EU Design Study Approved
e S years — 3 MEuro
CO m pa ct Coordinator: G. D’Auria (Elettra)
Focus on X-band technology

{

Italian National Agen y' l l R
New T chnologies, Ene gy d
Sustainable Economche lopme:

L3 Dogleg  Undulator  Photon Line Experiment
L ——

Gun InjectorL1  BC1 L2 BC2

Australian Nuc!
L/_/I nd Techn ogyOg u EI

University of Melbourne f
Re: uavchCo il S di Roma la Sapienza

N Y > : : Tj
The key objective of the CompactLight Design Study is to demonstrate, through a conceptual design,
the feasibility of an innovative, compact and cost effective FEL facility suited for user demands identi-

fied in the science case.

sica Nuclea
Spanish Nation. 1_ . UIonnaDogllStudl.




First 110 GHz Open Structure=—===> PRST—AB (4 papers)

M. Dal Forno, V- Dolgashev et al. (SLAC) — INFN/LNF
Eacc =300 MV/m Esup =1.5 GV/m

RF out
- /
electron
. beam
High- Gradient Acceleration structure at 110 GHz at MIT
E. Nanni — V Dolgachev et al. (SLAC) — Moving Forward to Test @ MIT, Target 1 MW
INFN/LNF Eacc > 400 MeV/m
£ Split-Cell Structure with Mode
 og £ Converter and Cavities
§3 %E . S % \ Accelerating Structure ',
ij iz, - i, mEm Wil T Y oo
j ”g‘ é 2 F \. -mode
b =
f;: 006 1008 110 1102

Frequency (GHz)

Auditorium Antoniarum September 6-7, 2018 Rome - |



Direct Laser Acceleration
DLA




Laser based dielectric accelerator




Nature 503, 91-94 (2013).

Acceleration gradienty G (MeV m™)

0.01 0.05 0.1 015 0.2 0.3
L] L] L] Ll Ll ,
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250} q ih}-{ }
/2 R I/
00F } .
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150} , ) " {50
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Laser pulse energy (mJ)

Peak incident electric field, £ (GV m™)
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Dielectric Photonic Structure

® Why photonic structures?
® Natural in dielectric
® Advantages of burgeoning field praserpuisesmms
: ey 180 degrees
® design possibilities ouUt of phaasl
® Fabrication

® Dynamics concerns

® External coupling schemes

Schematic of GALA
monolithic



TW

large reservoir of power recycles

ing:

Structure Coupl
GALAXIE Dual laser drive structure

Laser

)

Laser pulses
(180 degrees

out of phase)

e-beam




Dielectric Wakefield Acceleration
DWA




Dielectric Wa kefield"A’t@

-

‘e-field (t=0..end(0.001);x=0) [pb]
Component; Abs '
2D Maximum [V/m]: 0
Cutplane Normal:  1,0,0
Cutplane Position: 0

Sample: 1/288
Time [ns]: 0
T_end [ns]: 0

" 4 L 7

»

.
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00016 00018 00020  0.0022
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GV/m fields in DWA

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

simulations

Continuous operation of >28hours
(>100k shots at 10 Hz rep)

No signs of damage or
performance deterioration

\

DWA structure:
* a/b=150/200 pm
L=15cm
* Cylindrical, SiO,

FACET

100 |

Shots

50 }

0 !
2005 201 20.15

o
n
@

200MeV

202 2025 203 20.35
Centroid energy (GeV)

204 2045

JAN

N

E,(GVvm™)

VARV,

02 03 0.4 05 0.6 0.7 0.8 08
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Plasma Wakefield Acceleration




VoLuME 43, NUMBER 4 PHYSICAL REVIEW LETTERS 23 Jury 1979

Laser Electron Accelerator

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

An intense electromagnetic pulse can create a weak 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. Huff, and T. Katsouleas

Department of Physics, 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
cold plasma, is analyzed. We show that energy gradients can exceed 1 GeV/m and that the driven
electrons can be accelerated from yomc? to 3yeme? before the driving beam slows down enough to
degrade the plasma wave. If the driving electrons are removed before they cause the collapse of the
plasma wave, energies up to 4y§mc? are possible. A noncollinear injection scheme is suggested in

order that the driving electrons can be removed.




Surface charge density

o =enodx

Surface electric field

Ex, = —0/€p = —endx/ey

Restoring force

Plasma oscillations

Ox = (0x)p cos (wy, t)




J—Electron
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Trailing pulse —

»

Directionoftravel

Drive pulse

7/

Plasma
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Electron bubble

Wakefield




Horizon2020

PR A/\I A Plasma Wake-Acceleration
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Plasma electrons

(plasma cell, ~10" cm?)



Horizon2020

pRA/\dA Plasma Wake-Acceleration

Bubble

Laser Pulse
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Plasma electrons
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Horizon2020

pRA/\dA Plasma Wake-Acceleration
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PR A/\GA Plasma Wake-Acceleration

Horizon2020
Bubble (g, ~ 100 GVv/m)
Laser Pulse (E__ ~ TV/m)
l' "..1 7 ? '.qat" 1.6‘! e Q.Qﬂu: oo- !ﬂr -s_....... 3 :":f:A“;ﬁ-.'-'?'.\rr?”;*’ .o 'o.ﬁ..t|

~25 um

~35 um Plasma electrons
(120 fs) (plasma cell, ~10' cm?)

This accelerator fits into a human hair!



-~

f\l x Plasma acceleration:

Freererr 1] - - -
ultrahigh acceleratin radients

g g gradients

Tajima & Dawson, PRL (1979) nf N /\

Chen et al., PRL (1985) 5 e
1 a ng
—? =team 4 22
P
Ry
L8 7% J
Y N
Plasma wave: Space-charge force Ponderomotive force
electron density of particle beam (radiation pressure)
perturbation A

1/2
a=——5x Al
mc”

02k

Common features:
Wave excitation efficient for driver duration ~ plasma period
Bucket size ~ plasma wavelength: ., =2rc/w,= (nr,"2) n, 2 ~10-100 um
Large waves excited for ny,,,/7,~1 or a~1

e

mcaw
Characteristic accelerating field: E ~ ( i ) = (96V/m)/n[em™]

Phase velocity of wave determined by driver velocity

Courtesy C. Schroeder



Regimes: Linear & Non-Linear

1 e
(a) |
0.1 ]
Linear
0
~0.1} ==
a0=0.5
=15 m— =3 0 5 FIG. 8. Time-averaged density variation én/n, (dashed curve)
and axial electric field E,/ E; (solid curve) in an LWFA driven
; = - ; by a Gaussian laser pulse (pulse is moving to the right, cen-
2 on/n, i\ (b) | tered at k,{=0 with rms intensity length ers:k;l) for (a) ag
] =0.5 and (b) ap=2.0.

Non-Linear
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What about positrons?

J—Electron
N

Tralling pulse —

Directionoftravel

Vs

positrons

Plasma

J

J
Electron bubble

Wakefield




Laser Driven
LWFA




Direct production of e-beam

Electron beam




Diffraction - Self injection - Dephasing — Depletion

N, [10%* 1/cm’]

30 40
Z [pm]

1
E, [10""V/m]

Electronsiie

40 60 80 100 120
Energy [Me']




Colliding Laser Pulses Scheme

The first laser creates the accelerating structure, a second laser beam is used to heat electrons

Injection
beam .

Wakefield

Theory : E. Esarey et al, PRL 79, 2682 (1997), H. Kotaki et al, PoP 11 (2004)
Experiments : . Faure et al., Nature 444, 737 (2006)
AOL
lc'?’;f""”"'f‘ff_ :E NSTA

loa I st European Advanced Accelerator Concepts Workshop, La Biodola, Isola d’Elba - Italy, June 2-7 (2013) l I

lundi 3 juin 13



Colliding Laser Pulses Scheme

The first laser creates the accelerating structure, a second laser beam is used to heat electrons

Beatwave

Injection phase

Theory : E.Esarey et al,, PRL 79, 2682 (1997), H. Kotaki et al.,, PoP 11 (2004)
Experiments :]. Faure et al, Nature 444, 737 (2006)
AQ2
“einemgue il

loc Ist European Advanced Accelerator Concepts Workshop, La Biodola, Isola d’Elba - Italy, June 2-7 (2013) I I

lundi 3 juin 13



Colliding Laser Pulses Scheme

Acceleration phase

Theory : E. Esarey et al,, PRL 79, 2682 (1997), H. Kotaki et al., PoP 11 (2004)
Experiments : |. Faure et al, Nature 444, 737 (2006)
192
o ENSTA

loc I st European Advanced Accelerator Concepts Workshop, La Biodola, Isola d'Elba - Italy, June 2-7 (2013) I I

lundi 3 juin 13



Stable Laser Plasma Accelerators

>
v 12
2 | E k=2:)3 MeV
< 101 | B0 ey
i) 8 4 l 03|‘=17.4 pC
koo ll
N Il .
& 4 2
{
LU 2 R "r" \
Z 0 -4 T | — T
50) 100 200 40 T 50 100 150 200 250 300
E (MeV) E(MeV)
loc Ist European Advanced Accelerator Concepts Workshop, La Biodola, Isola d’Elba - Italy, June 2-7 (2013) I I D
Lr%:vn.cmmu’l ﬁ 'ENS TA

lundi 3 juin 13



Inverse Compton Scattering : New scheme

e i
e gas jet X vy
> B
50 TW /30 fs 5
laser Foil, blad &
ol ade Gas
Back reflected laser pulse Plasma mirror
A single laser pulse
A plasma mirror reflects the laser beam &= = m
The back reflected laser collides with the
accelerated electrons High energy

X ray beam

No alignment : the laser and the electron
beams naturally overlap

Save the laser energy !

\
'\ loc Ist European Advanced Accelerator Concepts Workshop, La Biodola, Isola d'Elba - Italy, June 2-7 (2013) . I

http://loa.ensta.fr UMR 7639 E D

l‘;"!miﬂut IENS TA’

lundi 3 juin 13



BELLA: BErkeley Lab Laser Accelerator

BELLA Facility: state-of-the-art 1.3 PW-laser for laser accelerator science:
>42 Jin <40 fs (> 1PW) at 1 Hz laser and supporting infrastructure at LBNL

Critical HEP experiments:

« 10 GeV electron beam from <1 m LPA
« Staging LPAs

» Positron acceleration




Experiments at LBNL use the BELLA laser focused by a 14 m focal length

off-axis paraboloid onto gas jet or capillary discharge targets

Single shot spectra 30 MeV - 11 GeV . — 'af‘fj' \

Magnetic spectrometer

Calorimeter  wadge with hole IcT

. . = . . ef = . . " Phosphor screen

CCD array . . N
Spectrometer - o b ) "l
.
V. =y Y
i . | Capillary discharge waveguide
FROG L f
/ ' l Hydrogen Hydrogen 1

vodeivser [0S £ m T‘/'—JJ
— Gas jet ; | l‘

ov -V

Off-axis paraboloid

"-""}l \ . DEPARTMENT OF Ofﬁce of R TS
BERKELEY LL! @ ENERGY Science :‘\I-'F,ltl‘_ll‘v’:' ‘rl'lf:ll:'."i DIVISION i




4.25 GeV beams have been obtained from 9 cm plasma channel powered

by 310 TW laser pulses (15 J)

I*KC. Benedetti et al., proceedings of AAC2010, proceedings of ICAP2012

30
Electron beam spectrum INF&RNO simulation®
nCISRI(MeVic)
0o 20
3
O
&
=
g 10}
~ e
1 2 3 4 5
Beam energy [GeV]
0 L . ;
o 6 8§10
E [GeV]
- Measured) longitudinal profile (T = 40 fs) i i DS
- Measured far field mode (w, =53 pm) AE/E % 3.2%
* Plasma: parabolic plasma channel (length 9 cm, Charge ~20pC  23pC
"'()'\‘(5'7)(]-(:)17 Cm-g) Divergence 0.3 mrad 0.6 mrad

W.P. Leemans et al.,PRL 2014

= U.8. DEPARTMENT OF 3
nm r‘l ENERGY Omce Of ALCELERAIOR TECHNGLOGY f"xA 7-A P ] .'
APPLIED PHYSICS DIVISION =

Eablegisy L. Scence
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Laser-Plasma-Accelerator LC

Injector

lLeemans & Esarev. Phvsics Todav (Mavch 2009)

Plasma Channel




.

Parameter Set for LPWA LC

/

e

Case: CoM Energy 1 TeV 1 TeV /’ 10 TeV 10 TeV \\
(Plasma density) (107 em™) | 2x10% em™ || (10" em™) | (2%10" ecm™)

Energy per beam (TeV) 0.5 0.5 5 5
Luminosity (10" ¢m ’s™") 2 2 200 200
Electrons per bunch (x10'") 0.4 2.8 0.4 2.8
Bunch repetition rate (kHz) 15 0.3 15 0.3 @
Horizontal emittance y&, (nm-rad) 100 100 50 50 ® 8
Vertical emittance ye, (nm-rad) 100 100 50 50 @8
[* (mm) | | 02 0.2 L)
Horizontal beam size at [P o, (nm) 10 10 | 1
Vertical beam size at IP o, (nm) 10 10 l I
Disruption parameter 0.12 5.6 1.2 56
Bunch length . (um) I 7 l 7
Beamstrahlung parameter Y 180 180 18,000 18,000
Beamstrahlung photons per e, », 1.4 10 3.2 22
Beamstrahlung energy loss ox (%) 42 100 95 100
Accelerating gradient (GV/m) 10 1.4 10 1.4 &
Average beam power (MW) 5 0.7 50 7 J
Wall plug to beam efficiency (%) 6 6 \ 10 10
One hinac length (km) 0.1 0.5 \\ 1.0 5 _N*X2+FF




ICAN (European Project) =
CAN Coherent Amplification Network

-

G. Mourou, W. Brocklesbhy, J. Limpert, T. Tajima, Nature Photonics April 2013
« The future of Acceletaor is Fiber »




LETTER

doi:10.1038/nature16525

Multistage coupling of independent laser-plasma
accelerators

S. Steinke', J. van Tilborg', C. Benedetti', C. G. R. Geddes', C. B. Schroeder!, J. Daniels"3, K. K. Swanson"?, A. J. Gonsalves',
K. Nakamura!, N. H. Matlis!, B. H. Shaw"?, E. Esarey! & W. P. Leemans!-?

Stage I: Plasma
gas jet lens Plasma-mirror
tape

Magnetic
spectrometer
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Active Plasma Lens

Magnetlc Field (B ) vs Force on electrons F)
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Beam Driven
PWEFA




Focusing (E,)
Decelerating (E.)

+ sk A+ o+ /
- = =B T e, amm =

Blumenfeld, I. et al. Energy doubling of 42 GeV
electrons in a metre-scale plasma wakefield
accelerator. Nature 445, 741-744 (2007).

50 60 70 80 90100
Electron Energy [GeV]

Focusing (E))
Decelerating (E.)

X (mm)
(;-ww od) Aysuep ebieyo ssiensuel]

Linear charge e
density (pC mnt?)

Litos, M. et al. High-efficiency acceleration of an :
electron beam in a plasma wakefield accelerator. w20

Energy, E (GeV)

Nature 515, 92-95 (2014).




doi:10.1038/naturel4890

Multi-gigaelectronvolt acceleration of positrons
in a self-loaded plasma wakefield

S. Corde"?, E. Adli'?, J. M. Allen', W. An*?, C. I. Clarke', C. E. Clayton®, J. P. Delahaye’, J. Frederico', S. Gessner', S. Z. Green',
M. J. Hogan', C. Joshi®, N. L1pkow1tz M. Litos', W. Lu®, K. A. Marsh“ W. B. Mori*S, M. Schmeltz!, N. Vafaei- Na]afabadl
D. Walz!, V. Yakimenko' & G. Yocky' - - “ - -
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CONCEPTUAL DESIGN OF THE DRIVE BEAM FOR A PWFA-LC*

S. Pei’, M. 1. Hogan, T. O. Raubenheimer, A. Seryi, SLAC, CA 94025, U.S.A.
H. H. Braun, R. Corsini, J. P. Delahaye, CERN, Geneva

Beam Dehvery and IR

Fig. 1: Concept for a multi-stage PWFEFA Linear Collider.




Table 1: Key Parameters of the Conceptual Multi-Stage PWFA-based Linear Collider

Main beam: bunch population, bunches per train, rate

1x10™, 125,100 Hz

Total power of two main beams

20 MW

Drive beam: energy, peak current and active pulse length

25GeV,23A,10 us

Average power of the drive beam

58 MW

Plasma density, accelerating gradient and plasma cell length

1x10em™. 25 GV/m. I m

Power transfer efficiency drive beam=>plasma =>main beam

35%

Efficiency: Wall plug=>RF=>drive beam

50% x 90% = 45%

Overall efficiency and wall plug power for acceleration

15.7%,127 MW

Site power estimate (with 40MW for other subsystems)

170 MW

Main beam emittances, X, y

2.0.05 mm-mrad

Main beam sizes at Interaction Point, x.y, z

0.14,0.0032, 10 um

Luminosity

3.5x10% cm™s™

Luminosity in 1% of energy

1.3x10™* cm™s™

RF gun Drve beam accelerator
RF separator

Drive beam dxstn'b\mon

(E==3p)

PWFA cells PWFA cells

bunch COmMPpressor

Fig. 1: Concept for a multi-stage PWFA Linear Collider.
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Proton-driven
Plasma Wakefield Acceleration

Collaboration:
Accelerating e on the wake of a p* bunch %

© P. Muggli
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P. Muggli, 06/04/2013, EAAC 2103

<SLAC, 20GeV bunch with 2x101%- ~60J i .
<SLAC-like driver for staging (FACET= 1 stage, collider 10* stages)
<SPS, 400GeV bunch with 10"p* ~6.4kJ
LHC, 7TeV bunch with 10"p* ~112kJ
<A single SPS or LHC bunch could produce an ILC bunch In
a single PWFA stagel! /\ aldwell, Nat. Phys. 5, 363, (2009)

<-Large average gradient! (z1GeV/m, 100’'s m)
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Discharge configuration |l

preliminary tests with the AWAKE 3 meter test tube at IC - 2016

very promising results

... reliable, low jitter plasma formation

scalability of electric circuit for plasmas > 10 m seem achievable...



nature  Accelerated Article Preview
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doi:10.1038/s41586-018-0485-4

Acceleration of electrons in the plasma wakefield of a proton bunch
E. Adli, A. Ahuja, O. Apsimon, R. Apsimon, A.-M. Bachmann, D. Barrientos, E. Batsch, J. Bauche, V.K.Berglyd Olsen,
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Experimental Results

y/ mm
3
O

¢ Gradient >
20 = ) ANVAKE—
L & No gradient +

HE / GeV

d?Q/dxdy / fC mm?
>
T
-

dQldx / C mm’"

02 03 04 05 0.7 1.0 1.5 20 40 14 -3
E/GeV npe / 10 cm

* Mean energy of 800 + 40 MeV, =>E,_ _~150 MV/m
 FWHM of 137.3 £ 13.7 MeV => Spread >10%

* Total charge of 0.249 + 0.074 pC => Low charge transmission
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Figure 1: Schematic layout of a 2 TeV CoM electron-positron linear collider
based on a modulated proton-driven plasma wakefield acceleration.




The near future




Worldwide effort towards high quality plasma beams
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Future goals FCC
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EL PRA/;GA Quality: Example Energy Spread -
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EuPRAXIA Design Study started on Novemebr 2015
Approved as HORIZON 2020 INFRADEV, 4 years, 3 M€
Coordinator: Ralph Assmann (DESY)
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Motivations

PRA A

Horizon2020

PRESENT EXPERIMENTS

Demonstrating
100 GV/m routinely

Demonstrating GeV
electron beams

Demonstrating basic
quality

EuPRAXIA INFRASTRUCTURE

Engineering a high
quality, compact
plasma accelerator

5 GeV electron beam
for the 2020’s

Demonstrating user
readiness

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

PRODUCTION FACILITIES

Plasma-based linear
collider in 2040’s

Plasma-based FEL in
2030’s

Medical, industrial
applications soon




EL]PRA)}{GA Location of possible sites within EU -

Horizon 2020

o
v

3

EuPRAXIA site studies:

* Design study is site
independent

* Five possible sites have
been discussed so far

* We invite the
suggestions of
additional sites

H

L .
o

-

'] Hamburg

Prague

European Sowrce for Masma .
Acceleraters snd Ralation 1@@
\ IN

Centre Interdisciplinaire
Lumiére Extréme Central Laser Facility

Didcot, United Kingdom

Eli Beamlines
Prague, Czech Republic

R. ABmann (DESY) - EAAC 2017 58



EuPRAXIA@SPARC_LAB
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Candidate LNF to host EuPRAXIA (1-5 GeV)
FEL user facility (1 GeV - 3nm)
Advanced Accelerator Test facility (LC) + CERN

‘ E‘:m

oy Fq
= [EF il

Photocathode and |ase High energy High energy
PW class produced particle particle
Laser particle beam Beams 1 Beams 2 I

500 MeV by RF Linac + 500 MeV by Plasma (LWFA or PWFA)
1 GeV by X-band RF Linac only
Final goal compact 5 GeV accelerator



SPARC LAB is the test and training facility at
LNF for Advanced Accelerator Developments




External Injection
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Plasma Source R

H>-filled capillary discharge

C | R L
I | VWV
High voltage
Power supply High voltage Capillary plasma

Valve controller

e semiconductor
= G

—
-

. o yo» Measured current
Delay generaor %
= 100
5
P, = 10 mbar 3
Total discharge duration: 800 ns Sor
Voltage: 20 kV .
Peak current: 200 A a > 2 : 5
Capacitor: 6 nF L

Courtesy of M. P. Anania, A. Biagioni, D. Di Giovenale, F. Filippi, S. Pella




@PN Deceleration test - July 2018
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Active plasma lens

Focusing field produced by electric

discharge in a plasma-filled capillary
according

Focusing field produced,
Ampere's law, by the discharge current

- L e
: ,p(r):Efu.OJ(r )dr
0

Radial focusing

X/Y planes are not dependent as in quads

Weak chromaticity

Focusing force scales linearly with energy

Compactness

Higher integrated field than quad triplets
Independent from beam distribution

to

Not sensitive to longitudinal/transverse charge

profile as in passive plasma lenses

Plasma-filled capillary

Electron
beam

E‘Iectrode Electrode

Van Tilborg, J., et al. "Active plasma
lensing for relativistic laser-plasma-
accelerated electron beams.” Physical
review letters 115.18 (2015): 184802.
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Preliminary results  we.
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APPLIED PHYSICS LETTERS 110, 104101 (2017) @ oAk

Experimental characterization of active plasma lensing for electron beams

R. Pompili,"® M. P. Anania,” M. Bellaveglia,’ A. Biagioni,' S. Bini," F. Bisesto,"
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Conclusions

(Statement from the European Network for Novel Accelerators (EuroNNAc))

Accelerator-based High Energy Physics will at some point become practically limited by the
size and cost of the proposed e*e- colliders for the energy frontier.

Plasma-based acceleration techniques have demonstrated accelerating gradients up to 3
orders of magnitudes beyond presently used RF technologies.

Plasma-based, ultra-high gradient accelerators therefore open the realistic
vision of very compact accelerators for scientific, commercial and medical
applications.

The R&D now concentrates on beam quality, stability, staging and continuous
operation. These are necessary steps towards various 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 accelerator. Challenges
in repetition rate and stability must be addressed. This unit could become a
stage in a high-energy accelerator..=» PILOT FACILITY Needed

An increased support from Particle Physics will foster the R&D on advanced acceleration
techniques and will provide important help and guidance.

Ultra-high gradient plasma accelerators should be recognized as essential
inter-disciplinary R&D towards future e*e- colliders for HEP.
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European Plasma Roadmap for HEP - Example, based on personal view of a few persons Drafted Jonuary 2016, Piosmo LC Workshap at LENL

As g start of discussion not an end point of discussion. Cannot be wsed as on offfcial roodmap, showd tngger discssuians and thoughts. Requires input, discussion, iterction, refinement, ... To be complamented by detalled RED
roodmaps from WG's.
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