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KLOE-R data-taking closing ceremony

March 30th 2018 at 11:00 in the Bruno Touschek Auditorium

 E., = 1020 MeV
L,..=2310%cm?s
1.5A+1.0A

~ Crab-Waist collision
scheme implemented
for the first time




“What Next at LNF site?”

is an often addressed question in many other labs

See for ex. SLAC, DESY, CERN
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“How to advance®”

Hadron (p) circular collider p=igr R B‘v_r\

: 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 a4 ,0 . Uoéf’"’"" (FCC-ee)

/’

Increase mass of acc. particle (muon)

Increase radius = size (FCC-ee)

CESEVTE .
LEPISI e ERhRIREIICE: pP= L- Gafc\ Increase accelerating gradient
(a) Pushing existing technology (ILC, CLIC)
/ (b) New regime of ultra-high gradients (plasma,
Increase length (ILC, CLIC) dielectric accelerators)




Plasma Capillary Discharge
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Laser Electron Accelerator
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(Received 9 March 1979)

J—Electron

o

Trailing pulse —

L/

Plasma

v

-
>

o

Drive pulse

Directionoftravel

J/

J
Electron bubble

Wakefield




-~

Plasma acceleration:
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Plasma wave: Space-charge force Ponderomotive force
electron density of particle beam (radiation pressure)
perturbation eA
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Common features:
= Wave excitation efficient for driver duration ~ plasma period
Bucket size ~ plasma wavelength: i =2ac/w,= (nr,"2) n, "2 ~10-100 um
Large waves excited for n,,,,,/n,~1 or a~1

mcaow
Characteristic accelerating field: E \( . p)=(96V/111)\/no[Cm'3]

Phase velocity of wave determined by driver velocity

Courtesy C. Schroeder




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

by 310 TW laser pulses (15 J)

*C. Benedetti et al., proceedings of AAC2010, proceedings of ICAP2012 |
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Focusing (E))
Decelerating (E.)

Blumenfeld, |. et al. Energy doubling of 42 GeV electrons
in a metre-scale plasma wakefield accelerator. Nature
445, 741-744 (2007).
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Litos, M. et al. High-efficiency acceleration of an electron
beam in a plasma wakefield accelerator. Nature 515, 92—
95 (2014).
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European Network

| EUCARD? Future of Accelerators E;\NﬂNAC

for Novel Accelerators
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Worldwide effort towards high quality plasma beams
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SPARC LAB is the test and training facility at LNF
for Advanced Accelerator/Developments (since 2005)







Plasma Source e

H»-filled capillary discharge
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Courtesy of M. P. Anania, A. Biagioni, D. Di Giovenale, F. Filippi, S. Pella



rossMark
APPLIED PHYSICS LETTERS 110, 104101 (2017) ®? "

Experimental characterization of active plasma lensing for electron beams

R. Pomplh’a’M P. Anania,’ M Bellaveglia,’ A Biagioni,” S Bini,' F. Blsesto

E. Brenteganl G. Castorlna °E. Chladronl A. Cianchi,® M. Croua D. Di Glovenale

M. Ferrano F. Filippi,” A Giribono,* V Lollo,’ A Marocchlno M. Maronglu A. MostaOCI
G. Di Pirro,’ S Romeo,’ A. R. Rossi,” J. Scifo," V. Shpakov,' C. Vaccarezza,' F. Villa,’

and A. Zigler®
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Plasma-based acceleration techniques

resonant-PWFA
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*A train of three electron
bunches (driver bunches) is sent
through a capillary discharge

*A resonant plasma wave is then
excited in plasma

A fourth electron beam (witness

beam) uses this
b n, = 2x10%® cm3
wave to be A, = 300pm

accelerated Capillary Imm
Hydrogen

external injection LWFA

e-
bunch

laser
beam

*A laser beam excites
plasma waves in a capillary
filled with gas

*A high brightness electron
beam uses this wave to be
accelerated

n, = 1x10Y cm3
Ap =100um
Capillary 100 um
Hydrogen




External Injection




@ Deceleration test - July 2018

Istiteto Rarisaale di Fisica Nuclears
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* *
PLASMA RESEARCH * e \/
ACCELERATOR WITH E U PRA) 6 A
EXCELLENCE IN 7
APPLICATIONS

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

-IJ%EIJ-

ct has ved funding from the European Union’s H n 2020
and mnovation programme un der g aaaaa greement N 653782




PRAIA Motivations

Horizon2020

PRESENT EXPERIMENTS

Demonstrating EuPRAXIA INFRASTRUCTURE
100 GV/m routinely

Demonstrating GeV
electron beams

Engineering a high PRODUCTION FACILITIES
quality, compact
plasma accelerator

Plasma-based linear

5 GeV electron beam  colliderin 2040°s
for the 2020’s Plasma-based FEL in

Demonstrating user | 20°0'S
readiness Medical, industrial
applications soon

Demonstrating basic
quality

Pilot users from FEL,
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EGPRA)/\/GA Location of possible sites within EU

EuPRAXIA site studies:

* Design study is site
independent

* Five possible sites have
been discussed so far

* We invite the
suggestions of
additional sites

Didcot

| Paris

Horizon 2020

SINBAD }":_;

R. ABmann (DESY) - EAAC 2017

CIlE‘X

Centre Interdisciplinaire
Lumiére Extréme

s o
e ®
1<)

Central Laser Facility
Didcot, United Kingdom

Eli Beamlines
Prague, Czech Republic
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FEuPRAXIA@SPARC_LAB
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 Candidate LNF to host EuUPRAXIA (1-5 GeV)
 FEL user facility (1 GeV - 3nm)
 Advanced Accelerator Test facility (LC) + CERN
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« 500 MeV by RF Linac + 500 MeV by Plasma (LWFA or PWFA)
* 1GeV by X-band RF Linac only
 Final goal compact 5 GeV accelerator
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w— X-band Linac and High Power Laser

Energy 6J
Duration 23fs
Wavelength 800 nm
] Bandwidth 60/80 nm
= spot@focus 10 pm
Peak Power 300 TW

Contrast Ratio 10"
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w— Plasma WakeField Acceleration — External Injection
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Full RF case

Plasma case

Electron Energy

1

1

Bunch Charge
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Energy per pulse
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See C. Vaccarezza talk tomorrow morning
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Water Window Coherent Imaging

Energy region between Oxygen and
Carbon K-edge 2.34 nm —-4.4 nm
(530 eV -280 eV)

—Carbon cross-section
— Oxygen cross-section

N

it © 2 o
cross section (a.u.)

. B
\‘
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Water is almost transparent to radiation
in this range while nitrogen and carbon are
absorbing (and scattering)

Coherent Imaging of biological samples °2 200 300
living in their native state .
Possibility to study dynamics

400 500 600

Courtesy F. Stellato, UniToV




Ré&D perspectives

X-band RF technology implementation,= CompactLight => CERN collaboration

Science with short wavelength Free Electron Laser (FEL)

Physics with high power lasers and secondary particle source
Channeling

Ré&D on compact radiation sources for medical applications
Detector development and test for X-ray FEL and HEP
Science with THz radiation sources

Nuclear photonics with y-rays Compton sources

R&D on polarized positron sources

Ré&D in accelerator physics and industrial spin - off




The future |
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