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Outline




•  First X-ray from Thomson source observed


•  First Thz source external user made happy


•  First seeded two colors FEL experiment  done


•  New short period undulator installed and tested



•  Plasma interaction chamber off line test under way


•  Linac and FLAME wide maintenance and upgrade  needed


•  More technical and prompt support needed


•  3 Horizon 2020 proposal submitted




SPARC_LAB Welcomes:






•  Prof. Arie Zigler (Hebrew University of Jerusalem) 1 year sabbatical


•  Prof. Jamie Rosenzweig (UCLA) 7 months sabbatical


•  Dr. Weiwei Li, PhD student from University of Science and Technology of 
China, 15 momths 


•  Dr. Alex Brynes, post doc from STFC, 3 months


•  3 new PhD students form University of Roma




Thomson backscattering


Courtesy C. Vaccarezza






Fascio di 

elettroni
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Thomson Interaction region (20-550 keV)  



Thomson back-scattering source








Front view (shielding) 

Rear view (PMT) 

Detector: CsI scintillator (20x20x2 mm) + Photo Multiplier Tube 



SPARC_LAB	
  synchroniza4on	
  system	
  

SPARC	
  HALL	
  

FLAME	
  AREA	
  

FLAME	
  oscillator	
  
In	
  2856MHz	
  

Out	
  79.33MHz	
  

PC	
  laser	
  
Oscillator	
  
79.33MHz	
  

RF	
  reference	
  
2856MHz	
  

•  Main	
  RF	
  Reference	
  oscillator	
  
•  RF	
  system	
  and	
  laser	
  
oscillators	
  locked	
  to	
  the	
  
reference	
  through	
  PLL	
  

•  Electrical	
  signal	
  distributed	
  
through	
  coaxial	
  cable	
  

•  Single	
  sub-­‐system	
  VS	
  
reference	
  4me	
  jiFer	
  
<50fsRMS	
  

•  FLAME	
  laser	
  VS	
  electrons	
  
4me	
  jiFer	
  (es4mated)	
  
<150fsRMS	
  



Synchroniza4on	
  measurements	
  
Electron	
  bunch	
  Eme	
  of	
  arrival	
  
(2	
  bunch,	
  max	
  RF	
  compression)	
  

With	
  RF	
  deflector	
  (e-­‐bunch	
  +	
  deflec4ng	
  field)	
  

With	
  EOS	
  (e-­‐bunch	
  +	
  PC	
  laser)	
  

89.5	
  fsRMS	
  

79.4	
  fsRMS	
  





THz and FEL


Courtesy F. Villa




The THz Source!
Coherent Radiation from an aluminum-coated silicon screen 

(Courtesy E. Chiadroni)  

Beam energy 
(MeV) Charge (pC) Pulse length (fs) Frequency BW 

(THz) 
Pulse energy 

(uJ) 
Electric field 

(MV/cm) 

120" 500" 100" 5" 20" 1.5"



Non-Linear THz Experiments on Condensed Matter Physics!

Strong THz non-linear response 
induced in a Dirac material by a high 
THz electric field "

Collaboration with TeraLab group leaded by Prof. S. Lupi (Univ. of Rome La Sapienza)"



The THz Beamline Upgrade!

THz beamline!

THz experiment !
station!



The THz Beamline Upgrade!

-  At 0.5 THz the radiation spot is all within 10 cm  !
-  custom parabolic mirrors with diameter of 15 - 20 cm !

-  Low vacuum is needed (10-2 mbar)!



A train of fs FEL pulses


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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21	
  

2	
  Color	
  Free-­‐Electron	
  Lasers	
  

2	
  pulses	
  with	
  
	
  
-­‐tunable	
  energy	
  difference	
  
	
  
-­‐tunable	
  arrival	
  4me	
  

Many	
  applica4ons!	
  
	
  
-­‐  x-­‐ray	
  pump/x-­‐ray	
  probe	
  
-­‐  2	
  color	
  diffrac4on	
  imaging	
  



VI 
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V IV III II I Linac 
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Diagnostic  
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ACCEL Undulator  
modules I-VI 

SPARC-FEL and diagnostics layout 

•  To	
  increase	
  stability	
  as	
  well	
  as	
  intensity	
  we	
  added	
  a	
  laser	
  
seed	
  at	
  a	
  wavelength	
  at	
  the	
  average	
  of	
  the	
  two	
  FEL	
  colors	
  

F.	
  Villa	
  -­‐	
  Two	
  colors	
  FEL	
  at	
  SPARC_LAB	
   22/14	
  

Seeding laser 
Se
ed

in
g	
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H	
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HWP	
  1	
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HWP	
  2	
  

SpliZng	
  	
  
polarizer	
  	
  
cube	
  

Focusing	
  	
  
mirrors	
  Periscope	
   Periscope	
  

Interac4on	
  point,	
  	
  
laser	
  focus	
  

Undulator	
  I	
  
LINAC	
  

Linear	
  
Step	
  Filter	
  

e-­‐beam	
  

Seeding	
  laser	
  scheme	
  

Two	
  colors	
  FEL:	
  seeding	
  



•  With	
  seeding	
  we	
  achieved	
  
increase	
  stability	
  and	
  intensity	
  

F.	
  Villa	
  -­‐	
  Two	
  colors	
  FEL	
  at	
  SPARC_LAB	
   23/14	
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Two	
  colors	
  FEL:	
  seeding	
  



Test	
  of	
  mul+stage	
  cascade	
  FEL	
  at	
  SPARC	
  F.	
  Ciocci	
  
	
  

•  Installa4on	
  and	
  first	
  test	
  of	
  short	
  period	
  undulator.	
  	
  
•  Simula4on	
  work	
  	
  
•  Preliminary	
  report	
  ready	
  

 
DELTA like undulator λu = 14 mm, gap 5mm, Br = 1.22T 
 
Undulator tested in two stage SASE-FEL: 
630nm  to 315 nm 
 
 
 



Two different group of spectra in the same acquisition run: the intensity of the emission 
from the first five undulators seems to marginally affect the intensity in the last 
undulator. 

May be explained as an effect of electron beam mismatch in the first five sections connected to 
machine temporal drifts;  
 
In the last section, the beam is always strongly focused in both directions and a mismatch at the 
entrance of this short section do not produce a significant reduction of the  signal. Simulations 
show that other effects, such as variation of energy spread or electron bunches duration (with 
consequent variation of peak current) reduce in the same ratio both signals 

	
  Experiment.	
  Example:	
  	
  
	
  Short	
  period	
  sec+on	
  used	
  as	
  “aAerburner”	
  



Beam dynamics studies for 
Plasma




Litos, M. et al. High-efficiency acceleration of an 
electron beamin a plasma wakefield accelerator. 
Nature 515, 92–95 (2014).


4-pulses-time-structure 

ti
m

e


orizontal dim

In progress also at SPARC_LAB


Submitted to HORIZON 2020 FET, (ELBA, M. Ferrario, E. Chiadroni, A. Cianchi)




Quasi-Non Linear regime


Linear


Quais-Non 
Linear


Accelerating field
 Plasma density




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)




CPA	
  
Ti:Sapphire	
  +	
  
harm.	
  gen.	
  

PBS	
  HWP	
  

αBBOs	
  

Motorized	
  stage	
  

PBS	
  

half	
  drivers	
  energy	
  

to	
  the	
  photocathode	
  

Energy	
  par44on	
  

Variable	
  delay	
  	
  
witness	
  

Periodic	
  mul4bunch	
  
drivers	
  

HWP	
  

Driving and witness bunches generation


Courtesy F. Villa




• rms spot: 33 um (driver 1 and driver 2), 13 um (witness) 

• Plasma input beam 

• 2x50 pc +1x25pC 

• rms emittance: 2 um (driver 1), 1.6 um (driver 2), 1.2 um (witness)


• rms length: 31 um (driver 1), 55 um (driver 2), 7.4 um (witness)

Courtesy R. Pompili




Sezione	
  Banda	
  C	
  

Gruppo	
  Pompe	
  Vuoto	
  

Permanent	
  magnet	
  
actuator	
  

YAG/OTR/EOS	
  crystal	
  
actuator	
  

Camera	
  interazione	
  e	
  
Sistemi	
  ancillari	
  di	
  
pompaggio	
  e	
  iniezione	
  
gas	
  

YAG/OTR	
  actuator	
  

COMB plasma interaction chamber




COMB interaction chamber delivered in 
July 2014�

Dedicated plasma lab needed


Courtesy M. P. Anania




Camera	
  layout:	
  first	
  test	
  version!	
  

300	
  l/s	
   230	
  l/s	
  

260	
  l/s	
  

80	
  l/s	
  

Total	
  pumping	
  capacity:	
  870	
  l/s.	
  



First	
  test:	
  Argon	
  –	
  new	
  tests	
  
Vacuum	
  pumps:	
  4	
  turbo	
  pumps	
  and	
  3	
  scroll	
  pumps.	
  

Vacuum	
  pre-­‐shot:	
  6	
  –	
  8	
  x	
  10-­‐9	
  mbar	
  

Impedence:	
  5	
  mm	
  diameter,	
  10	
  cm	
  length.	
  
	
  
Capillary:	
  NEW	
  DESIGN!	
  3	
  cm	
  length,	
  1	
  mm	
  inner	
  	
  
diameter	
  with	
  800	
  µm	
  gas	
  injec4on	
  holes.	
  

GOAL:	
  shot-­‐to-­‐shot	
  vacuum	
  level	
  below	
  9	
  x	
  10-­‐7.	
  
	
  
APPROCH:	
  verify	
  the	
  vacuum	
  level	
  for	
  different	
  rep	
  rate	
  (1	
  –	
  5	
  and	
  10	
  Hz)	
  and	
  different	
  
electrovalve	
  opening	
  4mes	
  (from	
  1	
  ms	
  to	
  20	
  ms).	
  	
  
	
  
RESULTS:	
  	
  Way	
  beFer	
  than	
  the	
  last	
  4me!	
  Vacuum	
  level	
  below	
  9*10-­‐7	
  almost	
  in	
  all	
  condi4ons.	
  In	
  
par4cular,	
  at	
  1	
  Hz	
  rep	
  rate,	
  vacuum	
  level	
  is	
  acceFable	
  with	
  valve	
  opening	
  4me	
  up	
  to	
  50	
  ms!!	
  



Helium	
  –	
  more	
  close	
  to	
  H2.	
  
Rep	
  rate	
   Opening	
  Eme	
   Vacuum	
  level	
  a^er	
  shot	
  

[mbar]	
  	
  Helium	
  
Vacuum	
  level	
  a^er	
  shot	
  	
  
[mbar]	
  Argon	
  

1	
  Hz	
   1	
  ms	
   7.0E-­‐8	
   1.2E-­‐8	
  

5	
  ms	
   2.0E-­‐7	
   1.0E-­‐7	
  

10	
  ms	
   5.5E-­‐7	
   1.4E-­‐7	
  

15	
  ms	
   1.0E-­‐6	
   2.6E-­‐7	
  

20	
  ms	
   1.5E-­‐6	
   4.5E-­‐7	
  

5	
  Hz	
   1	
  ms	
   9.0E-­‐8	
   2.9E-­‐8	
  

5	
  ms	
   6.5E-­‐7	
   1.7E-­‐7	
  

10	
  ms	
   1.5E-­‐6	
   3.6E-­‐7	
  

15	
  ms	
   8.3E-­‐6	
   5.6E-­‐7	
  

20	
  ms	
   6.0E-­‐6	
   7.6E-­‐7	
  

10	
  Hz	
   1	
  ms	
   1.7E-­‐7	
   4.7E-­‐8	
  

5	
  ms	
   2.0E-­‐6	
   3.4E-­‐7	
  

10	
  ms	
   7.6E-­‐6	
   7.9E-­‐7	
  

15	
  ms	
   2.6E-­‐5	
   1.3E-­‐6	
  

20	
  ms	
   1.0E-­‐4	
   1.9E-­‐6	
  



Longitudinal	
  Poten4als	
  
(Courtesy	
  A.	
  Brynes	
  and	
  B.	
  Spataro)	
  

•  As	
  the	
  distance	
  behind	
  the	
  bunch	
  is	
  increased,	
  we	
  see	
  that	
  there	
  are	
  no	
  trapped	
  
modes	
  in	
  the	
  wake	
  poten4al	
  as	
  the	
  oscilla4ons	
  become	
  damped	
  as	
  	
  increases	
  

•  Below	
  is	
  the	
  wake	
  poten4al	
  for	
  cavi4es	
  #1	
  and	
  #2	
  up	
  to	
  	
  



Transverse	
  Wakes	
  
•  Transverse	
  impedance	
  can	
  be	
  given	
  as	
  a	
  

func4on	
  of	
  transverse	
  loss	
  factor:	
  
	
  
•  E.g.	
  –	
  Cavity	
  #2	
  gives	
  	
  
•  So	
  	
  
•  ABCI	
  gives	
  	
  
•  If	
  ,	
  this	
  is	
  negligible,	
  so	
  transverse	
  wakes	
  do	
  

not	
  have	
  a	
  large	
  effect	
  



Interaction Layout 

Enrica Chiadroni (INFN - LNF) 39 

e-beam 

EOS chamber 

Courtesy of R. Sorchetti 

Interaction chamber 

Gas: Hydrogen 
 
Gas cell and/or capillary 



System	
  upgrade	
  

SPARC	
  HALL	
  

FLAME	
  AREA	
  

PC	
  laser	
  
Oscillator	
  
79.33MHz	
  

OMO	
  
79.33MHz	
  

FLAME	
  oscillator	
  
79.33MHz	
  

RF	
  reference	
  
2856MHz	
  

•  Op4cal	
  reference	
  	
  
•  RF	
  reference	
  will	
  be	
  subs4tuted	
  by	
  
fiber	
  op4cal	
  oscillator	
  

•  Fiber	
  laser	
  OMO	
  (Op4cal	
  Master	
  
Oscillator)	
  installed	
  and	
  tested	
  

•  Systems	
  locked	
  through	
  high	
  
resolu4on	
  op4cal	
  phase	
  monitors	
  
(cross-­‐correlators	
  in	
  house	
  and	
  
ready	
  to	
  be	
  tested)	
  

•  Fiber	
  link	
  stabiliza4on	
  is	
  ongoing	
  
(order	
  placed)	
  	
  to	
  distribute	
  the	
  
reference	
  signal	
  	
  

•  FLAME	
  laser	
  VS	
  electrons	
  esEmated	
  
Eme	
  jiber	
  <50fsRMS	
  	
  



Design	
  Study	
  on	
  the	
  	
  
“European	
  Plasma	
  Research	
  Accelerator	
  	
  with	
  eXcellence	
  In	
  

Applica4ons“	
  (EuPRAXIA)	
  	
  
SubmiFed	
  to	
  HORIZON	
  2020	
  INFRADEV,	
  4	
  years,	
  3	
  M€	
  



SubmiFed	
  to	
  HORIZON	
  2020	
  FET	
  (AOX,	
  F.	
  Boscherini,	
  G.	
  GaZ,	
  L.	
  Gizzi)	
  



Next year




SPARC_LAB Consolidation started 


 ~3 years,~ 4 M€ allocated

•  FLAME maintenance

•  Injector upgrade (C-band, X-band)

•  THz user beam line upgrade

•  Thomson and Plasma beam lines final commissioning

•  FEL new undulator  


Test Facility




Ti:Sa FLAME laser 

Stretcher	
   Amplifiers	
   Compressor	
  
LWFA	
  

Electron	
  Self	
  Injec4on	
  
And	
  

Protons	
  





Hardware&situa+on&

High&power&pumping&cri+cal:&

Defec+ve&genera+on&of&Nd:Yags&

Op+cal:&Damage&in&the&final&amplifier&of&the&pumps&

triggering&othe&damages&in&the&chain&

Electrical:&Two&power&supply&units&failured&&

Cooling:&One&cooling&unit&failed&&

repaired&in&house&

Laser&Issues:&Almost&exclusive&vendor&(Amplitude).&&

“Conven+onal&Op+cs”:&Most&of&items&are&not&in&stock&&

(almost&7&months&wai+ng&for&large&mirrors&and&Gra+ngs).&

Admin:&Jus+fy&cos+ng&is&geBng&more&and&more&difficult.&Orders&of&magnitudes&&

high&even&for&conven+onal&manteinance.&&&

13k€=1lamp&replacement,&10k€&1&Nd:Yag&pumping&chamber&

10k€&1&power&supply,&small&grat.&13k€,&big&grat.&20k€&

www.thales-laser.com

FEATURES
• 25, 50 or 100 joules at 527 nm
• Up to 0.1 Hz repetition rate
• Unmatched beam profile
• 1 or 2 beams
• Easy maintenance
• Single box compact design

APPLICATIONS
• Ideal pump lasers for compact PW and 

multi PW systems

25 J to 100 J of green light in a single beam with a Top Hat Smooth Profile

ATLAS series breaks through the beam profile and compactness issues
of conventional glass phosphate lasers to stand out as the reference
pump laser to build the most compact PW and multi-PW Ti:Sa
femtosecond lasers. Indeed, ATLAS series concentrates the solutions
to offer the highest energy available in a single beam and the best
spatial beam profile.
With Second Harmonic Generation (SHG) efficiency as high as 70%
and an optimized number of amplifiers to reach up to 100 joules of
green light, ATLAS family is the most efficient and compact solution for
PW systems.
This optimized number of amplifiers has many advantages: besides
being compact and extremely reliable, ATLAS lasers demonstrate very
limited beam distortion and reduced maintenance. Full supervision by
software offers remote control of the laser emission.Typical Atlas 50 beam profile at 527 nm

ATLAS
Flashlamp-pumped Glass phosphate series

>

Chiller	
  failure	
  



Further	
  Upgrades	
  Needed	
  

New	
  Compressor	
  Chamber	
  
about	
  80	
  K€	
  
(+80k€	
  new	
  graEngs)	
  

New	
  InteracEon	
  Chamber	
  
about	
  50	
  K€	
  

In	
  vacuum	
  camera	
  

Trials	
  s4ll	
  not	
  sa4sfying:	
  conven4onal	
  cameras	
  
survive	
  but	
  noise	
  arises.	
  
about	
  10	
  k€	
  for	
  not	
  specific	
  camera..	
  
otherwise	
  much	
  expensive.	
  

Very	
  limited	
  range	
  of	
  upgrades	
  and	
  	
  
Flexibility	
  right	
  now.	
  Lot	
  of	
  experiments	
  nearly	
  
Impossible.	
  Need	
  of	
  space	
  for	
  mul4-­‐	
  purpose	
  
bunker.	
  Preliminary	
  design…wai4ng	
  for	
  news.	
  

Very	
  unconfortable	
  chamber.	
  Alignment	
  very	
  	
  
Unfavorable.	
  Chroma4c	
  effect	
  not	
  fixed	
  by	
  A.O.	
  	
  
arising	
  (lateral	
  colors).	
  Gra4ng	
  supports	
  not	
  stable	
  
Almost	
  not	
  tunable.	
  Massive	
  diagnos4cs	
  is	
  needed.	
  
Preliminary	
  design..wai4ng	
  for	
  news.	
  

New	
  requests:	
  final	
  slides!	
  



PROPOSED	
   SCHEME	
   FOR	
   SPARC:	
   X-­‐band	
   structure	
   for	
  
longitudinal	
  phase	
  space	
  linearizaEon	
  +	
  RF	
  compressor	
  



LOW	
  CHARGE	
  (250	
  pC)	
  CALCULATIONS	
  

ΔE~	
  -­‐2.53	
  MeV	
  

X-­‐band	
  off	
  

X-­‐band	
  on	
  



USE	
  OF	
  A	
  LONGITUDINAL	
  PHASE	
  SPACE	
  LINEARIZER	
  @SPARC	
  
WITH	
  A	
  COMB	
  BEAM	
  (period	
  2010-­‐2011)	
  

RF	
  compression	
  without	
  fourth	
  
harmonic	
  correcEon	
  	
  

RF	
  compression	
  with	
  fourth	
  
harmonic	
  correcEon	
  	
   B.	
  MarcheF	
  



Considerations


•  The ongoing SPARC_LAB activities are being studied in 
several other laboratories, including SLAC, DESY, CERN and 
KEK with equally or even more ambitious research programs. 


•  Therefore the time factor becomes very important to remain 
at the research frontier and to produce results with high-
impact on the international scientific community. 


•  A redefinition of the priorities inside LNF and an increase in 
the number of dedicated researchers and technician is an 
indispensable requirement to keep SPARC_LAB productive.
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S	
  Band	
  GUN	
  

-­‐fabrica4on:	
  OK	
  
-­‐tested	
  at	
  UCLA	
  up	
  to	
  92	
  MV/m:	
  OK	
  
-­‐small	
  modifica4ons	
  (supports	
  and	
  waveguides)	
  to	
  integrate	
  the	
  GUN	
  into	
  SPARC	
  
(3	
  months	
  of	
  design	
  and	
  fabrica4on),	
  15	
  days	
  for	
  installa4on	
  
-­‐BD	
  simulaEons	
  necessary	
  prior	
  to	
  the	
  installaEon:	
  solenoid	
  posi4on,	
  new	
  solenoid	
  (ELI-­‐NP	
  style)?	
  



C-­‐Band	
  Structures	
  

-­‐both	
  structures	
  tested	
  at	
  high	
  power	
  (35	
  MV/m	
  reached)	
  
	
  
-­‐condi4oning	
  of	
  the	
  SKIP-­‐SLED	
  has	
  to	
  be	
  done	
  
	
  
-­‐Modifica4ons	
  of	
  C-­‐band	
  support	
  (M.	
  Del	
  Franco):	
  2	
  months	
  of	
  design	
  aver	
  receiving	
  
	
  informa4on	
  on	
  quadrupoles	
  dismensions.	
  Fabrica4on	
  4me	
  depends	
  on	
  final	
  design.	
  
	
  
-­‐15-­‐20	
  days	
  for	
  installa4on	
  and	
  alignment	
  


