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Achieved Parameters

Charge 200 pC 900 pC

Emittance 0.8 mm-mrad 2.2 mm-mrad
Energy 5.65 MeV 5.55 MeV
Energy spread 1% 2.6%

Pulse length 8 ps 12 ps
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Il laser FLAME

Frascati Laser for Acceleration and Multi-disciplinary Experiments

Il progetto su LWFA con self-
injection a FLAME e stato
istituito nel 2004 da una
estesa collaborazione. Un
technical design report e
seguito all’intenso lavoro
precursore di ricerca e
sviluppo sull’interazione laser-
plasma con gas-jet e LWFA
all'Intense Laser Lab (CNR-
Pisa), LOA (Palaiseau) e CEA
(Saclay).

INFN Units: Pisa, Bologna, LNF-Frascati, Napoli, Romal, LNS-Catania



Il laser FLAME




Esperimenti di auto-iniezione

Main beam (>250 TW)
Vacuum transport line

Target Area

protection walls

Beam transport to

sparc bunker
Interaction

vacuum
chamber

Compressor
vacuum chamber




Electron beam

INFN, Frascati, March 7 (2006)




VoLUME 43, NUMBER 4 PHYSICAL REVIEW LETTERS

23 Jury 1979

Laser Electron Accelerator
T. Tajima and J. M. Dawson

Department of Physics, University of California, Los Angeles, California 90024
(Received 9 March 1979)
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FLAME RESULTS

* Plasma accelerators studies

=2J Laser length= 35-40 fs.

EIaser

Accelerating length = 2 mm (gas-jet)
E. =350 MeV
Divergence = few mrad

Integrated accelerating field = 200 GV/m.

350 MeV 100 MeV 50 MeV



FLAME in FIAMME

A fire accident has stopped suddenly FLAME operations.... October 2016




Energy 6J
Duration 23 fs
Wavelength 800 nm
Bandwidth  60/80 nm

4 | Spot @ focus 10 ym
Peak Power 300 TW

Contrast Ratio 10"







The SPARC Emittance Meter




Emittance evolution for different pulse shapes
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PHYSICAL REVIEW LETTERS week ending

PRL 99, 234801 (2007) 7 DECEMBER 2007

Direct Measurement of the Double Emittance Minimum in the Beam Dynamics
of the Sparc High-Brightness Photoinjector

M. Ferrario,' D. Alesini,' A. Bacci,” M. Bellaveglia,' R. Boni,! M. Boscolo,' M. Castellano,' L. Catani.” E. Chiadroni,'
S. Cialdi.® A. Cianchi,® A. Clozza," L. Cultrera,' G. Di Pirro,! A. Drago,' A. Esposito,' L. Ficcadenti,” D. Filippetto,'
V. Fusco,' A. Gallo.! G. Gatti,"! A. Ghigo,! L. Giannessi,* C. Ligi,'! M. Mattioli,” M. Migliorati,” A. Mostacci.’

P. Musumeci.® E. Pace,! L. Palumbo,’ L. Pellegrino,! M. Petrarca,” M. Quattromini,* R. Ricci,' C. Ronsivalle,*

J. Rosenzweig,® A.R. Rossi.” C. Sanelli,' L. Serafini,’> M. Serio,! F. Sgamma,' B. Spataro,' F. Tazzioli,' S. Tomassini,
C. Vaccarezza,' M. Vescovi,' and C. Vicario'
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FIG. 6 (color online). rms envelope and rms norm. emittance
evolution from the cathode up to the beam line end as computed
by PARMELA, compared to measurements taken in the emittance-
meter range.













Velocity bunching concept (RF Compressor)

If the beam injected in a long accelerating structure at the crossing field phase
and it is slightly slower than the phase velocity of the RF wave , it will slip back to
phases where the field is accelerating, but at the same time it will be chirped and
compressed.

The key point is that compression and acceleration take place at the same time
within the same linac section, actually the first section following the gun, that
typically accelerates the beam, under these conditions, from a few MeV (> 4) up to
25-35 MeV.




SPARC E=120 MV/m,fi=32,0=1.1nC,ts=1 psec,FWHM=10 psec B=2.73KG
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Bunch length measurement (RF Deflector)
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Pulse length versus Velocity Bunching phase

SPARC measurements 2/04/09
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week ending

PRL 104, 054801 (2010) PHYSICAL REVIEW LETTERS 5 FEBRUARY 2010

Experimental Demonstration of Emittance Compensation with Velocity Bunching

M. Ferrario,' D. Alesini," A. Bacci,> M. Bcllavcglia.] R. Boni.' M. Boscolo.! M. Castellano,' E. Chiadroni,' A. Cianchi,”
L. Cultrera,’ G. Di Pirro,' L. Ficcadenti,' D. l"‘ilippcllo.] V. Fusco,! A. Gallo,! G. Gatti,' L. Giannessi,” M. Labat.”
B. Marchetti,” C. Marrelli,' M. Migliorali.] A. Mostacci,' E. Pace.' L. Palumbo.' M. Quattromini,* C. Ronsivalle,*

A.R. Rossi,’ J. Rosenzweig.” L. Serafini,> M. Serluca,® B. Spataro,' C. Vaccarezza,' and C. Vicario'
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A Free Electron Laser is a device that converts a fraction
of the electron Kinetic energy into coherent radiation via a
collective instability in a long undulator

(Tunability - Harmonics)




SPARC LLAB Achievements

* First experimental observation of emittance

oscillation in a drift at low energy 4 \ FEL spectrum showing a single spike

\ :

\_(a) experiment
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* Working point adopted in many photo—
injector based user facilities

S

* Ferrario’s working point

» SASE FEL exponential gain in single spike

o &

b) GENESIS 1.3 simulation

4

L. Giannessi et al., PRL 106, 144801 (2011)
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Electron beam image on view screens while the gap is closing. Weak FEL radiation already after the third module.
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- Single Spike FEL p——

Short bunches compared to FEL Cooperation Length, have been
sent into the SPARC FEL in the SASE regime and Single Spike
behaviour lasing has been observed.

Bunch parameters

20 114 01 26 1.2 400

Single-spike FEL means high quality ultra-short beam!

LONGITUDINAL PIRASE SPACE

Collected FEL light, 100 fs (rms), 40 pJ



- SPARCG_LAB Achievements

¢ First experimental observation of emittance
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Laser Comb technique:

generation of a train of short bunches
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Laser Comb

SPARC COMB, Qtot=220pC/pulse,d=4.27 psec
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Laser COMB: experimental

4 Pulses 168 MeV, on crest
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TWO COLORS SASE FEI

two bunches with
a two-level energy distribution
and time overlap (Laser COMB. -
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week ending

PRL 111, 114802 (2013) PHYSICAL REVIEW LETTERS 13 SEPTEMBER 2013

Observation of Time-Domain Modulation of Free-Electron-Laser Pulses
by Multipeaked Electron-Energy Spectrum
V. Petrillo,' M.P. Anania,” M. Artioli,” A. Bacci,' M. Bellaveglia,” E. Chiadroni.” A. Cianchi,* F. Ciocci,” G. Dattoli,’
D. Di Giovenale,” G. Di Pirro,” M. Ferrario.” G. Gatti,” L. Giannessi,” A. Mostacci,” P. Musumeci.® A. Petralia,®
R. Pompili,* M. Quattromini,” J. V. Rau,” C. Ronsivalle,” A.R. Rossi,' E. Sabia.” C. Vaccarezza,” and F. Villa®

Dual color X-rays from Thomson/ Compton sources

V. Petrillo®?, A.Bacci®, C. Curatolo™?, M. Ferrario®, G. Gatti®, C. MaroliZ,
J.V. Rau?, C. Ronsivalle®, L. Serafini!, C. Vaccarezza®, and M. Venturelli®*
L INFN Milano ,Via Celoria, 16 20133 Milano, Italy
2 Universita degli Studi di Milano, Via Celoria, 16 20133 Milano, Italy
S3LNF, INFN Via E.Fermi, 40 Frascati (Roma), Italy
4ISM-CNR Via del Fosso del Cavaliere, 100 00133 Roma, Italy and
SENEA Via E.Fermi, 45 Frascati (Roma),Italy

We analyze the possibility of producing two color X or gamma radiation by Thomson/Compton
back-scattering between a high intensity laser pulse and a two-energy level electron beam, constituted
by a couple of beamlets separated in time and/or energy obtained by a photoinjector with comb laser
techniques and linac velocity bunching. The parameters of the Thomson source at SPARC LAB
have been simulated, proposing a realistic experiment.




Double-Bunch Operation
at LCLS

Double-Bunch Operation
at LCLS

Ganeeato double pulse at cathode and comprass
Simifar concept demnonstrated at SPARC in the Infrared [4)

Ganeeato doublo pulse at cathode and compress.
Simifar concept demonstrated at SPARC in the Infrared [4)
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SPARC LAB




Thomson back-scattering source




Thomson Interaction region (20-3550
keV
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N SPARC LLAB Achievements

# First experimental observation of emittance

oscillation in a drift at low energy S(MeV')
+ Working point adopted in many photo- 80
injector based user facilities 4] \ 1,0x10’ 1
¢ Ferrario’s working point 60 \ {: i
+ SASE FEL exponential gain in single spike i —
< 40 b

+ First characterization of Seeded FEL schemes 3 o ,

+ FERMI@Elettra Advanced FEL user facility ] R " %

| 0.0 o - h U
# Multi-bunch generation 10 j k\ }’J " 0,02 004 0.06 0,08
E(MeV
0 ! Unﬁl . k!h*nh—uu».... PR (V)

+ Laser comb technique

- Spectral density S (MeV-1) versus
o~ 1 A 1 o 1 . 1
¢+ First generation and characterization of two- G =5 o e soo  photon energy.

. a2 Deposited Energy in Csl (MeV)
color FEL radiation (50 MV electron beam, with 200

+ LCLS scaling at X-ravs to drive user Thomson x-rays signal in red, in black the electron pC charge, 5 mm mrad of
2 & y background signal (without FLAME laser), integrated emittance, 150 mm of rms beam
experiments over 120 s (1200 pulses). transverse dimension, colliding with

the laser with 500 mJ and 30 mm of
The number of photons per each pulse, coming from waist, gives a number of photons of
THz radiation poor overlap conditions, and interacting with the 2x10° in a bandwidth of about
detector sensitive area, is in average 6.7x10°. 19%.

# First user experiment with high peak power

+ Implicazioni tecnologiche

> v r h Th o ri The photon energy edge, given by
y-rays throug omson-backscattering B, AB: g is about 63 bV,
# STAR project

+ ELI-NP
C. Vaccarezza et al., NIM A 829 (2016) 237-242 C
enrica.chiadroni@Inf.infn.it I N .EN




SPARC LAB today
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KLOE-2 data-taking closing ceremony

March 30th 2018 at 11:00 in the Bruno Touschek Auditorium
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“What Next at LNF<”

is an often addressed question in many other labs
See for ex. SLAC, DESY, CERN

Slow-down in Energy Increase of Frontier Accelerators

B Hadron acc. project

FCC:; D Hadron acc. proposal

B Lepton acc. project
0 Lepton acc. proposal

Advance of new colliders
limited by practical constraints
on required resources

100 TeV | Future goals
e —
> |
:]3,)) 1TeV : Conceptual Desigh started
p storage rings -
g S . I
E LEP2 : IL C
(4] 7 | Technical Design exists 7
) / : Waiting funding decision
m ] GeV 1 /“I |
- e*and/or e :
=] b accelerators
= (storage rings,
=X linacs, FEL’s)
S 1M
eV
= .
4 ’ Ising & ]
Widerde
10 keV = '

(budget, manpower) and size

1940 1960 1980 2000
Year

2020 2040

(does it fit on site?)

Courtesy R. Assmann, DESY



“How to advance®”

Hadron (p) circular collider p=e-R- Bv\

: 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 oc Eo « 4 oné"’/ (FCC-ee)

/’

Increase mass of acc. particle (muon) 7

Increase radius = size (FCC-ee)

ARV .
HEPOIR PR NG RGO o = L- Ga(f;\— Increase accelerating gradient
(a) Pushing existing technology (ILC, CLIC)
/ (b) New regime of ultra-high gradients (plasma,
Increase length (ILC, CLIC) dielectric accelerators)




European Network

C EUCARD®  Fyture of Accelerators TuroNNAC

for Novel Accelerators

;’Future go'a/s' Fcc
' "] Concéptual
Design started

A
, #E muans
! FAIR ch TechnicaFDesign exists

Waiting funding decision

100 TeV |

A L S
beam-driven e - LHC HiLumi

plasma acc.

1TeV ¢ pstorage rings

SuperKEKb LHeC ERL
1 GeV

Maximum Beam Energy

e*and/or e
accelerators
: (storage rings, LBNL LWFA 2014
linacs, FEL’s) laser-driven e
1 MeV : plasma acceleration

I Mourou &
I Strickland (CPA)
I

Tajima & !
- ¥ising & Dawson
- ! Widerce !

1040 1960 1980 2000 2020 2040

10 keV

Year
B Hadron acc. project Bl Lepton acc. project

O Hadron acc. proposal [ Lepton acc. proposal R. Assmann, EAAC 2015, 9/2015






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 |
30

Electron beam spectrum INE&RNO simulation”

nCISRI(MeVic) P

=

1 2 3 4 5"
Beam energy [GeV]

0 1 a A 1 L L
2 ] 6 8 10
E [GeV]
Energy 425 GeV 4.5GeV
AE/E 5% 3.2%
Charge ~20 pC 23 pC

Divergence 0.3 mrad 0.6 mrad
W.P. Leemans et al.,PRL 2014

= U.S. DEPARTMENT OF 3
..m i ENERGY Office of ACCEHRION IERINDLIGLS Y TA P ) )
RN Scence APPLIED PHYSICS DIVISION =



Worldwide effort towards high quality plasma beams

University of
Associated Partners Strathclyde uk

(as of December 2017)

Shanghai Jiao Tong-University, China R DESY
University of -
Manchester Uk

ELI Beamlines, International . . Universitat
University of -~ G IR

PHLAM, Université de : L Liverpool Uk

Tsinghua University Beijing, China Germany

Helmholtz-Institut Jena Imperial College
HZDR (Helmholtz), Ger v
LMU Miinchen, ‘Gerr'ﬁa’ny University of
B Wigner Fizikai Kutatékézpont, Hungary .

n CERN, International

-

Kansai Photon Science Institute, Japan

Osaka University, Japan

-

EB RIKEN SPring-8, Japan -

-

Lunds Universitet, Sweden - IST-1D

-

Stony Brook University & Brookhaven NL, USA Portugal

-

LBNL, USA

-

UCLA, USA

N

Karlsruher Institut fiir Technologie, Germany

-

Forschungszentrum lJiilich, Germany
Hebrew University of Jerusalem, Israel
Institute of Applied Physics, Russia

Joint Institute for High Temperatures, Russia

N

Universita di Roma ‘Tor Vergata’, Italy
Queen’s University Belfast, UK

Ferdinand-Braun-Institut, Germany
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* *
PLASMA RESEARCH * 3 \/
ACCELERATOR WITH E U PRA) GA
EXCELLENCE IN 74
APPLICATIONS

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

-IJ‘"‘IJ-




PRA 1A 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 | collider in 2040°s
for the 2020’s Plasma-based FEL in

Demonstrating user 2030's
readiness Medical, industrial
applications soon

Demonstrating basic
quality

Pilot users from FEL,
HEP, medicine, ...
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EQ#&A}GA draft of facility layout

Horizon 2020

Free-Electron
Laser Science
Hall (FEL)

entrance hall

EuPRAXIA facility Pilot application
of Electron Plasma
Accelerators Hall

(PAEPA)

undulators

3cube laser S

injector

laser \ /
ery P
RF injector \/ & 3D layout by Darek Kocon

¥ and Andreas Walker
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Horizon 2020

ECIPRA)}{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

' Hamburg

Didcot

European Sowrce for Pasma .
Acceleraters and Radiation 1”
IN

Centre Interdisciplinaire
Lumiére Extréme Eli Beamlines

Prague, Czech Republic

Central Laser Facility
Didcot, United Kingdom

R. ABmann (DESY) - EAAC 2017 58



paty, EuPRAXIA@SPARC_LAB

Candidate LNF to host EuPRAXIA (1-5 GeV) INFN .

The EuPRAXTA@SPARC_LAB Test User Facility will produce high brightness
electron beams either by a 500 MeV X-band RF linac plus 500 MeV plasma |
accelerator or by a 1 GeV X-band RF linac only to drive -

et
FEL user facility: 1 GeV — 3 nm %

Advanced Accelerator Test Facility (LC + CERN) — —

Novel radiation sources facility, e.g. THz radiation, y-rays, neutron sources

High power laser Plasma-discharge capillary
Short-period undulator

EuPRAXIA@SPARC_LAB Conceptual Design Report is publicly available and can be downloaded from

http://www.Inf.infn.it/sis/preprint/pdf/getfile.php ?filename=INFN-18-03-LNF.pdf
INFN
LN

enrica.chiadroni@lInf.infn.it




Water Window Coherent Imaging

Energy region between Oxygen and

; »Carbn crss-section
Carbon K-edge 2.34 nm—4.4 nm - —— Oxygen cross-section
(530 eV -280 eV) e~
;: § \ \
. . . .o ™.
Water is almost transparent to radiation -r S

in this range while nitrogen and carbon are T
absorbing (and scattering) :

Coherent Imaging of biological samples
living in their native state
Possibility to study dynamics

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
Compact Neutron Source

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




Eupraxia@SparcLab Meeting April 18 - 2018 INFN-LNF

stand

A. Gallo, status of the LNF X-band test

INFN - CERN official partnership on X-band RF development

The INFN Frascati X-box

SPARC_LAB

Building #7 S

v

R

Area destinata
agli implanti di
raffreddamaento

AREA NON
= OGGETTO DI
ufficio/sals controllo INTERVENTO
Wi 2.8

b8

AREA NON
OGGETTC DI
INTERVENTQ

POST OPERAM

it will be located in
LNF building #7,
very close to the
SPARC_LAB area,
formerly used for
testing and
conditioning of the
DAFNE RF power
plants and cavities

64



Eupraxia@SparcLab Meeting April 18 - 2018 INFN-LNF A. Gallo, status of the LNF X-band test
stand

P

N N
Y (g A= oy

|4l
|

LNF building #7:
the old bunker

LNF building #7:
inside view
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Eupraxia@SparcLab Meeting April 18 - 2018 INFN-LNF A. Gallo, status of the LNF X-band test stand

The INFN Frascati X-box VKX-8311A

Pulse compressor:
provided by CERN

Other components:

Pulsed Modulator: to be procured by INFN _ Low level RF and controls;

OPERATIONAL PARAMETERS

: - RF driver amplifier;
E—— Unit | K23X [ Notes X-band klystron: provided by CERN > | P ’ i
Peak power to Klystron MW 150.7 Peak power from Medulator F 9 - ectan U ar Wave Ul ES'
A::m::v;ov::r |oysKT:sxmn kW 17.3 Av:ra;: pnweorr;‘rcm \:o:‘tialor Typ'cal ommm Parameters C ,g . d g !
Klystron Voltage range KV 450 Nominal 410kV, fig above = - N
K;s:'an Cuvx;gm rggge A 335 Nomvn’:al 305A, s::ig ga:ovue ltem Value Units e ra m IC WI n OWS’
Inverse Kiystron Voltags KV <30 Reduced by the Solid State technolog) -
Pulse length Hs 15 Top of Klystron Voltage pulse - Beam Voltage 410 kV Va C u u m p u m p s a n d pOWe r
E:Is;:rgg:l 50% :lj - ::75 Of the Voltage Pulse Beam Current 310 A s u p pl Ies’.
PRF range Hz 1-50
Top flatness (dV) o 420.25 Deviation from nominal voltage within Frequency 11.994 GHz - cee
o v e the top of the pulse length . .
Tompitod sy Peak Power 50 MW All components will be either
Trig delay us ~1.2 See fig above RO PeT 5 KW
Pulse io pulse jitter ns < s 8
Rk e T provided by CERN or procured
Filament Output Sat. Gain 48 dB o . .
Klystron Max voltage DC Vv 30 Nominal 10-30V 5 by I N F N | n fu I I Co nfO rm |ty Wlth
Klystron Max current DC A 30 Nominal 18-30A clen
Ky PLCwmiiontly | % | ol Bl ! E the original CERN X-box parts
Pre-heating period win | 60 | TRl o Duty 0.009 % '

With the contribution of the LATINO project: a “Laboratory in
Advanced Technologies for INnOvation” funded by Regione Lazio

66



SPARC_LAB is the test and training facility at
LNF for Advanced Accelerator Developments
(since 2 |




Plasma-based acceleration techniques

resonant-PWFA
\\'um SS ‘ ' Dmc

o= é+‘!-.r

lcﬁ C:DIMCII C;o

'—++++'+=+$*¢+»¢-+++

Q—AZ —vd—AZ—> <—AZ—+.

*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'® cm?3
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, = 1x10'7 cm?3
Ap =100um
Capillary 100 pm
Hydrogen
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-50
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n, = 8e15 1/cm®, Pos: -100 mm, o, DRIVER:369.91 pm, o WITNESS:42.87 pm
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Witness — tuning and characterization

Single bunch emittance scan Reference -1.67 ps
o : ' : . Totalprojected ¢, ; 12 12 5
Al . . Witness ¢ 10}~ 10 -
2. [ [ " Driver 1 £"X ers gl . ;_; g :
By L] e, E 8lg £ Bl
o \-( v v B d 4
= o B < :
Eis } . : 19
3 0 g’ g
: | 54 3
E1.4 I o ] N :
g - [ [ 2 ‘ ..'.";.T..'-
1.2} : 415 2.
A '°* o7e

17272 1756 178 180 182184 186

Current (A)
Witness position tuning
with laser delay line!




Plasma capillary

37 Ji o
. —C 13008
RO.2 —0.8 B—
/
-
lJ 1 /

231 -THRU
Courtesy of V. Lollo
‘ { “L }V ousc [AS=ST &g SUR ALY R {
a SPARC.COME
\l / . / J INFN LNF Q v | NATRROA l:;.-\Ni.\‘
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e YT Bl =T
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Plasma Source

H»-filled capillary discharge

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

Valve controller

—
-

=
Delay geerator <
= 100}
5
P,;, = 10 mbar o
Total discharge duration: 800 ns Sor
Voltage: 20 kV A f '
Peak current: 200 A oy > P » -
Capacitor: 6 nF Teme.(n0)

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




Capillary Discharge at SPARC LAB




PWFA - Particle Wake Field Accelerator

Lom B

o It

|I\

| i b
“w | =N l!l N lﬂ l II ﬁ‘-
oy — _ = - -
"”]i AT IIH’ el I_JL_"“-' d r.l

Focusing PWFA Capture
PMQ module PMQ




PWFA vacuum chamber at SPARC LAB
. 3 b - 4% ° r T

v— i .. | .
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APPLIED PHYSICS LETTERS 110, 104101 (2017) @f"’“"’"*

Experimental characterization of active plasma lensing for electron beams
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R. Pomplll”’)M P. Anania,’ M, Bellaveglia,’ A Biagioni,” S. Bini,' F.
E: Brentegam G. Castonna °E. Chladrom A. Cianchi,? M Croia,’

BISGStO
D. Di Glovenale

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

and A. Zigler®
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Discharge current profile

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