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LNF	
   is	
   the	
   largest	
   and	
   the	
   oldest	
   (since	
   1954)	
   of	
   INFN	
  
infrastructures:	
  Personnel	
  ~330	
  staff	
  (1/3	
  scientists)	
  +	
  PhD	
  
&	
  postdocs	
  +	
  500	
  users	
  (30%	
  foreign)	
  
	
  
Its	
   main	
  mission:	
   accelerators	
   for	
   High	
   Energy	
   Physics	
  
(and	
  not	
  only)	
  +	
  fundamental	
  physics:	
  Main	
  competences	
  
in	
  electron/positron	
  machines	
  
	
  
Capabilities	
  in	
  designing,	
  building	
  and	
  operate	
  relatively	
  
large	
   complex:	
   Accelerator	
   Division	
   (~110	
   people)	
  
Technical	
  Division	
  (~30),	
  Research	
  Division	
  (~150)	
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Main	
  activities	
  in	
  accelerator	
  technologies:	
  
-­‐  Operation	
  24/24	
  of	
  DAFNE	
  collider	
  (up	
  to	
  2019)	
  
-­‐  R&D	
   on	
   plasma	
   acceleration,	
   0.2	
   PW	
   laser,	
   FEL,	
  THz	
  

sources	
  (SPARC_LAB)	
  
	
  
Several	
  other	
  international	
  collaborations:	
  
-­‐  CERN,	
  ESRF	
  Grenoble,	
  KEK	
  (Japan),	
  ELI	
  

Beam	
  Test	
  Facility	
  also	
  available	
  (DAFNE	
  Linac	
  can	
  be	
  used	
  
parasitically)	
  	
  	
  
	
  
Soft-­‐X,	
  UV,	
  and	
  infrared	
  lines	
  available	
  around	
  DAFNE	
  ring	
  
(DAFNE_Light)	
  



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 
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Research Activities at LNF


What Next?




EuPRAXIA@SPARC_LAB




EuPRAXIA@SPARC_LAB
EuPRAXIA@SPARC_LAB


RF	
  power	
  modules	
  	
  

1	
  GeV	
  LINAC	
  

Beam	
  user	
  areas	
  

FEL	
  user	
  area	
  @3nm	
  

Undulators	
  

Plasma	
  module	
  

0.5	
  PW	
  Laser	
  

Secondary	
  	
  
Sources	
  

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



•  Candidate LNF to host EuPRAXIA (1-5 GeV)


•  FEL user facility (1 GeV – 3nm)


•  Advanced Accelerator Test facility (LC) + CERN


•  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




Possible	
  building	
  extension	
  



Phase 0






SPARC_LAB is the test and training facility in the 
framework of EuPRAXIA project 





•  Laser Comb technique

•  S/C RF gun design and fabrication

•  X-band test facility

•  Velocity Bunching

•  fs Synchronization

•  Single shot diagnostics


•  Capillary characterization

•  Laser guiding

•  Active Plasma Lens

•  Plasma Dechirper

•  PWFA acceleration experiments


•  LWFA with external injection

•  Plasma driven FEL test


SPARC_LAB activities related to the EuPRAXIA R&D 



Conceptual Design Report Ready

for the LNF site 




SPARC_LAB	
  HB	
  photo-­‐	
  injector	
  

55	
  m	
  







X-­‐band	
  Linac	
  	
  

55	
  m	
  



Walter	
  Wuensch,	
  CERN	
  LINAC16,	
  East	
  Lansing,	
  27	
  September	
  2016	
  

X-­‐band	
  RF	
  structures	
  best	
  performances	
  	
  



EU Design Study Approved

3 years – 3 MEuro 


Coordinator: G. D’Auria (Elettra)

Focus on X-band technology




MODULATOR	
  HALL	
  

LINAC	
  HALL	
  

X-­‐Band	
  LINAC	
  parameters	
  

total	
  ac<ve	
  length	
  Lt	
   16	
  m	
  

Number	
  of	
  sec<ons	
  Ns	
   32	
  (4	
  modules	
  x	
  8	
  sec<ons)	
  
	
  

available	
  RF	
  power	
  
50	
  MW	
  (@klystron	
  output	
  coupler)	
  
40	
  MW	
  (@	
  sec<on	
  input	
  couplers)	
  

PWFA	
  final	
  energy	
   1	
  GeV	
  	
   5	
  GeV	
   >	
  5	
  GeV	
  

linac	
  energy	
  gain	
  ΔWlinac	
   480	
  MeV	
   910	
  MeV	
   1280	
  MeV	
  

average	
  	
  acc	
  gradient	
  <Eacc>	
   30	
  MV/m	
   57	
  MV/m	
   80	
  MV/m	
  

total	
  required	
  RF	
  power	
  PRF	
   44	
  MW	
   158	
  MW	
   310	
  MW	
  

KLYSTRON	
  

SLED	
  

MODE	
  CONVERTER	
  

CIRCULAR	
  WAVEGUIDE	
  

1	
  klystron	
  x	
  LINAC	
  Module	
  

MODE	
  CONVERTER	
  

KLYSTRON	
  1	
  

SLED	
  

MODE	
  CONVERTER	
  

CIRCULAR	
  WAVEGUIDE	
  

2	
  klystrons	
  x	
  LINAC	
  Module	
  

MODE	
  CONVERTER	
  

KLYSTRON	
  2	
  



X-­‐band	
  Linac	
  	
  

1.2	
  m	
  
2.2	
  m	
  

Es<mated	
   waveguide	
   aJenuaKon	
  
(including	
  circular	
  waveguide):	
  10%	
  

Preliminary	
  layout	
  of	
  the	
  RF	
  module	
  (collabora<on	
  with	
  CERN):	
  
8	
  structures,	
  1	
  SLED,	
  1	
  or	
  2	
  Klystrons	
  per	
  module.	
  

WR-­‐90	
  total	
  length	
  
[mm]	
   3758	
  

WC-­‐50	
  circular	
  wg	
  
length	
  [mm]	
   3674	
  

WR-­‐90	
  loss	
  [dB]	
   -­‐0.368	
  
WC-­‐50	
  loss	
  [dB]	
   -­‐0.0456	
  

total	
  loss	
  [dB]	
   -­‐0.414	
  
total	
  loss	
  [%]	
   -­‐9.09	
  



Collaboration Agreement 

approved December 2017




INFN – CERN official partnership on X-band RF development




LATINO project




X-Band CERN-INFN collaboration




Plasma	
  WakeField	
  Accelera<on	
  –	
  External	
  Injec<on	
  

driver	
   witness	
  

55	
  m	
  

Capillary	
  discharge	
  at	
  SPARC_LAB	
  



Plasma Lab




6	
  

Plasma experimental setup 
ü  Plasma within capillaries up to 10 cm-long 

with densities up to 1018 cm-3 

ü  Plasma current up to 700 A 

ü  Stark broadening technique to measure both 
longitudinal and transverse density profiles 

ü  Pulsed gas injection system (electro-valve and 
mechanical valve) to control the electron 
density 

Diagnostics	
  

HV discharge circuit	
  
Plasma source	
  

Gas injection 
system	
  Angelo.Biagioni@lnf.infn.it	
  



Plasma accelerator module: EuPRAXIA case 

20 cm long 
1 mm  diam 

3kV	
  

8kV	
  

25kV	
  

Ar	
   H2	
  

15kV	
  

40kV (up to 60 cm)	
  

3000	
  



Undulators	
  

40	
  m	
  

	
  KYMA	
  Δ	
  udulator	
  at	
  SPARC_LAB:	
  	
  λ=1.4	
  cm,	
  K1	
  	
  



Photon	
  beam	
  line	
  

40	
  m	
  



Energy	
  region	
  between	
  Oxygen	
  and	
  
	
  Carbon	
  K-­‐edge	
  2.34	
  nm	
  –	
  4.4	
  nm	
  
	
  (530	
  eV	
  -­‐280	
  eV)	
  
	
  
Water	
  is	
  almost	
  transparent	
  to	
  radia<on	
  	
  
in	
  this	
  range	
  while	
  nitrogen	
  and	
  carbon	
  are	
  	
  
absorbing	
  (and	
  scaqering)	
  

Coherent	
  Imaging	
  of	
  biological	
  samples	
  	
  
living	
  in	
  their	
  naKve	
  state	
  	
  

Possibility	
  to	
  study	
  dynamics	
  
~10	
  11	
  photons/pulse	
  needed	
  

	
  

Water	
  Window	
  Coherent	
  Imaging	
  

3 nm        2 nm


Courtesy F. Stellato, UniToV
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•  Candidate LNF to host EuPRAXIA (1-5 GeV)


•  FEL user facility (1 GeV – 3nm)


•  Advanced Accelerator Test facility (LC) + CERN


•  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




Horizon	
  2020	
  

•  Laser	
  wakefield	
  accelera<on	
  in	
  plasma	
  
– External	
  injec<on	
  
– Self	
  injec<on	
  

•  FEL	
  source	
  
•  Secondary	
  Pr<cles	
  
•  Compton	
  scaqering	
  

11/01/2018
INFN Visit at PSI/SwissFEL
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High	
  power	
  laser	
  





Ti:Sa FLAME laser




Ti:Sa FLAME laser


Stretcher	
   Amplifiers	
   Compressor	
  
LWFA	
  

Electron	
  Self	
  Injec<on	
  
And	
  

Protons	
  



Parameters FLAME	
  today FLAME	
  upgrated	
  
Wavelength	
  [nm] 800 800	
  

Bandwidth	
  [nm] 60-­‐80 60-­‐80 

Repe<<on	
  rate	
  [Hz] 10 1-­‐5 
Max	
  energy	
  before	
  
compression	
  [J] 7 20 

Max	
  energy	
  on	
  target	
  [J] 4 13 
Min	
  pulse	
  length	
  [fs] 25 25 
Max	
  power	
  [TW] 250 500 
Contrast	
  ra<o 1010 1010 

Parameters	
  of	
  the	
  500	
  TW	
  laser	
  

Comparison	
  between	
  the	
  parameters	
  of	
  the	
  actual	
  FLAME	
  system	
  and	
  the	
  	
  
upgraded	
  FLAME	
  system.	
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EuPRAXIA@SPARC_LAB
M.P. Anania


The high power laser system: layout
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EuPRAXIA@SPARC_LAB
M.P. Anania


The high power laser system: scheme of layout




Eupraxia@SPARC_LAB	
  synchronizaKon	
  system	
  

SynchronizaKon	
  system:	
  A	
  fine	
  temporal	
  alignment	
  among	
  all	
  
the	
  relevant	
  sub-­‐system	
  oscillators	
  that	
  guarantees	
  temporal	
  
coherence	
  of	
  their	
  outputs	
  (precision	
  ~10fs)	
  
Tasks:	
  triggers	
  to	
  sub	
  systems	
  (RF	
  pulses,	
  laser	
  amplifiers,	
  BPM,	
  
injec<on/extrac<on	
  kickers),	
  event	
  tagging	
  
Layout:	
  1	
  Electrical	
  and	
  1	
  Op<cal	
  Master	
  Oscillator,	
  3	
  RF	
  
extractors,	
  2	
  op<cal	
  link	
  ends	
  (diagnos<cs	
  and	
  users)	
  





Looking forward to seeing you all in 
Frascati!




MEALS	
  
COFFEE	
  

BREAKFAST	
  

DISCUSSIONS	
  

TALKS	
  

1rst	
  LEAPS	
  Topical	
  Conference	
  
“LEAPS	
  meets	
  Quantum	
  Technology”	
  

	
  24-­‐29	
  May,	
  2020	
  
Isola	
  d’Elba	
  

WAVE-­‐BREAKING	
  

https://agenda.infn.it/e/LEAPS2020




Thank for your attention


