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





Achieved Parameters 

SPARC Injector + FEL



Ti:Sa FLAME laser (PLASMONX)

Stretcher	   Amplifiers	   Compressor	  
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Protons	  



SPARC_LAB	  (SPARC+PLASMONX)	  





FrascaO	  Laser	  for	  AcceleraOon	  and	  	  MulO-‐disciplinary	  Experiments	  

Il	  laser	  FLAME	  

Il	   progeWo	   su	   LWFA	   con	   self-‐
injecOon	   a	   FLAME	   è	   stato	  
isOtuito	   nel	   2004	   da	   una	  
estesa	   collaborazione.	   Un	  
technical	   design	   report	   è	  
seguito	   all’intenso	   lavoro	  
precursore	   di	   r icerca	   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-‐FrascaO,	  Napoli,	  Roma1,	  LNS-‐Catania	  	  
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INFN, Frascati, March 7 (2006) 







•  Plasma	  accelerators	  studies	  

Elaser=	  2J 	   	   	  Laser	  length=	  35-‐40	  fs.	  

AcceleraOng	  length	  ≈	  2	  mm	  (gas-‐jet)	  

Ee-‐=	  350	  MeV	  	  

Divergence	  =	  few	  mrad	  

Integrated	  acceleraOng	  field	  ≈	  200	  GV/m.	  

50	  MeV	  100	  MeV	  350	  MeV	  

FLAME RESULTS 



FLAME	  in	  FIAMME	  
A	  fire	  accident	  has	  stopped	  suddenly	  FLAME	  operaOons….	  October	  2016	  



Ti:Sa FLAME laser





~1250 mm 

The SPARC Emittance Meter 

7X 50 µm       
500 µm spaced 

1X 50 µm 1X 100 µm 



Emittance evolution for different pulse shapes 

Optimum injection in to the linac with: 
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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. 
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<240 fs

Pulse length versus Velocity Bunching phase  





FEL Single Spike

THz Radiation
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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) 
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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.	  

Single Spike FEL





Laser Comb technique: 
generation of a train of short bunches

- P.O.Shea et al., Proc. of 2001 IEEE PAC, Chicago, USA (2001) p.704. (Low charge regime 
only) 
- M. Ferrario. M. Boscolo et al., Int. J. of Mod. Phys. B, 2006 (High charge, Beam Echo)
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Laser Comb
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Laser COMB: experimental 
results

-  M. Ferrario et al., Nucl. Inst. and Meth, A 637 (2011)  
-  A. Mostacci et al., Proc. of IPAC 2011, Spain



TWO COLORS SASE FEL 
two bunches  with 
a two-level energy distribution 
and time overlap (Laser COMB 
tech.)

produce two wavelength 
SASE –FEL radiation 
with time modulation
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SPARC_LAB	  



Thomson back-scattering source



Camera di 
scattering 

fascio 
X 

Fascio e- 
deflesso (hν)X=4 (hν)laser	  (	  T/	  0.511)2   

fascio laser 

(hν)laser = 1.2 eV 
T = 30.28 MeV  
(hν)X =  20 keV mammografia 

Impulso laser:  6 ps, 5 J 
pacchetto e- :   1 nC , l: 2 mm (rms) 
Impulso X:       10 ps, 109 fotoni 
α emissione:    12 mrad M.	  Gmbaccini	  -‐	  FrascaO	  15/03/2011	  

Thomson Interaction region (20-550 
keV)  





SPARC_LAB	  today	  



KLOE-2 data-taking closing ceremony
March 30th 2018 at 11:00 in the Bruno Touschek Auditorium

Colliding beams have: 
low E 
high currents 
long damping time ECM = 1020 MeV 

Crab-‐Waist	  
collision	  scheme	  
implemented	  for	  
the	  first	  6me	  

Lmax= 2.3 1032 cm-2 s-1 

1.5 A + 1.0 A 



“What Next at LNF?” 
is an often addressed question in many other labs

See for ex. SLAC, DESY, CERN 

Courtesy R. Assmann, DESY



“How to advance?” 



Future	  of	  Accelerators	  

R.	  Assmann,	  EAAC	  2015,	  9/2015	  

ILC Technical Design exists 
          Waiting funding decision 

FCC 
Conceptual 
Design started 

ESS 

E-XFEL 

LHeC ERL SuperKEKb 

FAIR 

LHC HiLumi 

Hadron acc. project 

Hadron acc. proposal 

Lepton acc. project 

Lepton acc. proposal 

SwissFEL 

LBNL LWFA 2014 

muons 







Horizon	  2020	  
Worldwide	  effort	  towards	  high	  quality	  plasma	  beams	  
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EUROPEAN 
PLASMA RESEARCH 
ACCELERATOR WITH 
EXCELLENCE IN 
APPLICATIONS 

This	  project	  has	  received	  funding	  from	  the	  European	  Union’s	  Horizon	  2020	  
research	  and	  innovaOon	  programme	  under	  grant	  agreement	  No	  653782.	   hjp://eupraxia-‐project.eu	  

EuPRAXIA	  Design	  Study	  started	  on	  Novemebr	  2015	  
Approved	  as	  HORIZON	  2020	  INFRADEV,	  4	  years,	  3	  M€	  

Coordinator:	  Ralph	  Assmann	  (DESY)	  



Horizon2020	  
Motivations 

PRESENT	  EXPERIMENTS	  

DemonstraOng	  	  
100	  GV/m	  rouOnely	  
DemonstraOng	  GeV	  
electron	  beams	  
DemonstraOng	  basic	  
quality	  

EuPRAXIA	  INFRASTRUCTURE	  

Engineering	  a	  high	  
quality,	  compact	  
plasma	  accelerator	  
5	  GeV	  electron	  beam	  
for	  the	  2020’s	  
DemonstraYng	  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	  	  
applicaOons	  soon	  

Courtesy	  R.	  Assmann	  



Horizon	  2020	  
ConsorOum	  

16 Participants 

24 Associated Partners 
(as of December 2017) 
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Energy	  region	  between	  Oxygen	  and	  
	  Carbon	  K-‐edge	  2.34	  nm	  –	  4.4	  nm	  
	  (530	  eV	  -‐280	  eV)	  
	  
Water	  is	  almost	  transparent	  to	  radiaOon	  	  
in	  this	  range	  while	  nitrogen	  and	  carbon	  are	  	  
absorbing	  (and	  scaWering)	  

Coherent	  Imaging	  of	  biological	  samples	  	  
living	  in	  their	  naYve	  state	  	  

Possibility	  to	  study	  dynamics	  
	  

Water	  Window	  Coherent	  Imaging	  

3 nm        2 nm

Courtesy F. Stellato, UniToV



R&D perspectives 
•  X-band RF technology implementation,è  CompactLight => CERN 

collaboration

•  Science with short wavelength Free Electron Laser (FEL)

•  Physics with high power lasers and secondary particle source

•  Compact Neutron Source

•  R&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 γ-rays Compton sources

•  R&D on polarized positron sources
 
•  R&D in accelerator physics and industrial spin – off
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The	  INFN	  FrascaY	  X-‐box	  

Building	  #7	  

SPARC_LAB	  

it	  will	  be	   located	   in	  
LNF	   building	   #7,	  
very	   close	   to	   the	  
SPARC_LAB	   area,	  
formerly	   used	   for	  
t e s O n g 	   a n d	  
condiOoning	   of	   the	  
DAFNE	   RF	   power	  
plants	  and	  caviOes	  

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

4.0	  m	  

5	  m
	  

INFN – CERN official partnership on X-band RF development
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LNF	  building	  #7:	  	  
the	  old	  bunker	  

LNF	  building	  #7:	  
inside	  view	  

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



The	  INFN	  FrascaY	  X-‐box	  

Pulsed	  Modulator:	  to	  be	  procured	  by	  INFN	  

X-‐band	  klystron:	  provided	  by	  CERN	  

Pulse	  compressor:	  
provided	  by	  CERN	  

Other	  components:	  
-‐  Low	  level	  RF	  and	  controls;	  
-‐  RF	  driver	  amplifier;	  
-‐  Rectangular	  waveguides;	  
-‐  Ceramic	  windows;	  
-‐  Vacuum	   pumps	   and	   power	  
supplies;	  

-‐  …	  
All	   components	   will	   be	   either	  
provided	  by	  CERN	  or	  procured	  
by	  INFN	  in	  full	  conformity	  with	  
the	  original	  CERN	  X-‐box	  parts.	  

66	  

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

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



SPARC_LAB is the test and training facility at 
LNF for Advanced Accelerator Developments 
(since 2005) 











Plasma	  Source	  

PH2	  =	  10	  mbar	  
Total	  discharge	  duraOon:	  800	  ns	  	  
Voltage:	  20	  kV	  
Peak	  current:	  200	  A	  	  
Capacitor:	  6	  nF	  

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



Capillary Discharge at SPARC_LAB 



PWFA – Particle Wake Field Accelerator

 

EOS THz 

e- 

NO  impedenze 
(eliminate venerdì 15 apr.) 

NO  impedenze 
2 impedenze 
(diam. 6 mm) difficili da estrarre 

NO  impedenze 
1 impedenza 
(diam. 8/10 mm) 
facile da estrarre  

2 impedenze 
(diam. 7.2 +10 mm) 

Focusing 
PMQ

PWFA 
module

Capture
PMQ



PWFA vacuum chamber at SPARC_LAB  
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