
15:00 
Welcome – U. Dosselli

15:07 
Introduction – P. Muggli

 15:15 
SPARC_LAB status and plans – M. Ferrario 

15:45 
Thomson source status– C. Vaccarezza



16:00 
Coffee Break



16:15 
FLAME activities – G. Gatti 


16:30 
Experiments with THz radiation– S. Lupi

16:45 
Collaboration with Stratclyde University – M. P. Anania

17:00 
STAR/SPARC_LAB collaboration – D. T. Palmer

17:15  
Measuring Propagation Speed of Coulomb Fields - G. Pizzella



17:30 
Final Discussion – P. Muggli



18:00 
Closed Session



19:00 Transfer to Villa Mercede 
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X-ray THOMSON Source 

More details in C. Vaccarezza talk




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	
  -­‐	
  Frasca;	
  15/03/2011	
  

Thomson Interaction region (20-550 keV)  



Thomson back-scattering source




Commissioning status & plan: 
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}  Up to now: 
}   ~250 pC e- beam , Energy= 155-75-50 MeV 
}  Down to dumper w flags 

}  On going: 
}  Quads alignement refinement 
}  Establish BPM reference orbit 
}  Response matrix iterations for lattice optimization 
}  Photon beam transport & optimization 

}  Next: 
}  Synchronization & Collision 





C-BAND �
for SPARC_LAB �

and ELI_NP




C-­‐BAND	
  ACCELERATING	
  SYSTEM	
  @	
  SPARC	
  
The	
   energy	
   upgrade	
   of	
   the	
   SPARC	
   photo-­‐injector	
   at	
   LNF-­‐INFN	
   from	
   150	
   to	
  more	
   than	
   240	
  MeV	
  will	
   be	
   done	
   by	
   replacing	
   a	
   low	
  
gradient	
  S-­‐Band	
  accelera;ng	
  structure	
  with	
  two	
  C-­‐band	
  structures.	
  The	
  structures	
  are	
  TW	
  and	
  CI,	
  have	
  symmetric	
  axial	
  input	
  couplers	
  
and	
  have	
  been	
  op;mized	
   to	
  work	
  with	
  a	
  SLED	
  RF	
   input	
  pulse.	
   In	
   the	
  SPARC	
  photoinjector	
   the	
  choice	
  of	
   the	
  C-­‐band	
   for	
   the	
  energy	
  
upgrade	
  was	
  dictated	
  by	
  the	
  opportunity	
  to	
  achieve	
  a	
  higher	
  acceleraFng	
  gradient,	
  enabled	
  by	
  the	
  higher	
  frequency,	
  and	
  to	
  explore	
  a	
  
C-­‐band	
  acceleration	
  combined	
  with	
  an	
  S-­‐band	
  injector	
  that,	
  at	
  least	
  from	
  beam	
  dynamics	
  simula;ons	
  was	
  very	
  promising	
  in	
  terms	
  of	
  
achievable	
  beam	
  quality.	
  	
  

S-­‐Band	
  gun	
  120	
  MV/m	
  S-­‐Band	
  SLAC-­‐type	
  structure	
  	
  
22	
  MV/m	
  

Low	
  gradient	
  S-­‐
Band	
  structure	
  13	
  
MV/m	
  

2	
  structures	
  
1.4	
  m	
  long	
  
>35	
  MV/m	
  acc.	
  Gradient	
  
Design	
  and	
  built	
  @	
  LNF	
  

SLED-­‐SKIP	
  RF	
  
compression	
  system	
  
(IHEP,	
  Beijing)	
  



FINAL	
  C-­‐BAND	
  STRUCTURES	
  AND	
  TEST	
  AT	
  SPARC	
  	
  
First	
  fabricated	
  C-­‐band	
  structure	
  

Toshiba	
  klystron	
  and	
  solid	
  state	
  
modulator	
  by	
  Scandinova	
  

Test	
  stand	
  for	
  high	
  power	
  test	
  



C-­‐BAND	
  RF	
  GUN	
  
The	
  designed	
  gun	
  integrate	
  a	
  waveguide	
  coupler	
  that	
  allows:	
  
	
  

-­‐high	
  efficiency	
  cooling	
  of	
  the	
  accelera;ng	
  cells	
  
-­‐low	
  pulsed	
  heaFng	
  of	
  the	
  coupler	
  surfaces	
  
-­‐arbitrary	
   solenoids	
   posiFon	
   around	
   the	
   accelera;ng	
   cells	
   and	
   on	
   the	
   beam	
  
pipe	
  
-­‐100	
  Hz	
  operaFon	
  in	
  mul;	
  bunch	
  
-­‐fabricaFon	
   of	
   the	
   gun	
   without	
   brazing	
   processes	
   (hard	
   copper-­‐>higher	
  
gradients)	
  

PARAMETERS	
  

f	
  [GHz]	
   5712	
  

Q0	
   10900	
  

Ecathode	
  @10	
  MW	
  Pin	
   200	
  [MV/m]	
  

β	
   2	
  

Filling	
  ;me	
  τ	
   200	
  [ns]	
  

NEXT	
  STEP:	
  $/€/;me/people	
  for	
  the	
  first	
  prototype	
  realiza;on	
  



POSSIBLE	
  CONFIGURATION	
  OF	
  A	
  C-­‐BAND	
  INJECTOR	
  
42	
  MW,	
  100	
  Hz	
  

7	
  MW	
   35	
  MW	
   TOSHIBA	
  
E37210	
  
(Nominal	
  output	
  
power	
  50	
  MW)	
  

E_cathode=170	
  MV/m	
  

1.1	
  µs	
  
Flat	
  top	
  

CC	
  
L=1.8	
  m	
  
Eacc=31	
  MV/m	
  

60	
  MeV	
  
beam	
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Beam	
  loading	
  
compensa;on	
  

A.	
  Bacci	
  
PARAMETER	
   C-­‐BAND	
  INJECTOR	
  

Charge	
   250	
  pC	
  
Laser	
  pulse	
  length	
   8.5ps	
  
laser	
  spot	
  size	
  	
   250	
  µm	
  
Output	
  energy	
  	
   95	
  MeV	
  

Output	
  emioance	
   0.25	
  mm	
  mrad	
  
Output	
  bunch	
  length	
   800	
  fs	
  
Output	
  energy	
  spread	
   0.38%	
  



TWO COLORS FEL �





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


1 MeV


18 nm

110 
fs
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A.	
  Cianchi	
  	
  Advanced	
  Beam	
  Dynamics	
  Experiments	
  and	
  Applica;ons	
  at	
  SPARC_LAB	
   	
  SIF	
  –	
  Trieste	
  2013	
  

Measuring	
  single	
  beam	
  proper;es	
  



A.	
  Cianchi	
  	
  Advanced	
  Beam	
  Dynamics	
  Experiments	
  and	
  Applica;ons	
  at	
  SPARC_LAB	
   	
  SIF	
  –	
  Trieste	
  2013	
  

Emioance	
  measurements	
  comb	
  beams	
  

First	
  bunch	
  

Second	
  bunch	
  

L.	
  InnocenF	
  



THz Source




The SPARC_LAB THz beam lines 

October 22, 2013 22 enrica.chiadroni@lnf.infn.it 

CTR	
  source	
  

CTR	
  and	
  CDR	
  
sources	
  

Linac-based source: Coherent Radiation from an aluminum-coated silicon screen (Coherent 
Transition Radiation, CTR) and from a rectangular aperture in the metallic screen (Coherent 
Diffraction Radiation, CDR). 

YAG:Ce	
  screen	
  

Si-­‐Al	
  screen	
  (CTR)	
  

5	
  mm	
  slit	
  (CDR)	
  

3	
  mm	
  slit	
  (CDR)	
  



Broad-band THz radiation: 
Measurements 

October 22, 2013 enrica.chiadroni@lnf.infn.it 23 

Electron beam parameters 

Energy (MeV) 100 

Charge (pC) 260 

RMS bunch length (fs) 260 

E. Chiadroni et al., Appl. Phys. Lett. 102, 094101 (2013) 
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Frequency (THz) 

F requency cut 
l imited by the 
vacuum window 
quartz

Diamond window 
to be installed
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Narrow-band THz radiation:  
2-bunches train measurements 

Current profile as measured at 
the end of the linac 

Measured Longitudinal 
Phase Space (LPS) 

Electron beam parameters 

Energy (MeV) 122 

Charge/bunch (pC) 80 

RMS bunch 1 length 
(fs) 150 

RMS bunch 2 length 
(fs) 165 

Time distance (ps) 0.91 
(0.019) 

Autocorrelation 
measurement  
of CTR with  
a Michelson 
interferometer 

0.9	
  ps	
  

40%




Achieved THz Performances 

Radiation  
parameters 

SPARC  
(single bunch) 

SPARC  
(4-bunches/train) 

Energy per pulse (J) 40 10-6 0.6 10-6 (@ 1 THz) 

Peak power (MW) > 100 3 (@ 1 THz) 

Average power (W) 1.8 10-4 6 10-6 

Electric field (kV/cm) 500 > 10 

Pulse duration (fs)  160 < 100 

Bandwidth (%) broadband < 25 

October 22, 2013 enrica.chiadroni@lnf.infn.it 25 

Electron beam  
parameters 

Single bunch 
(VB mode: max 
compression) 

4-bunches per train  
(VB mode + laser comb) 

Charge/bunch (pC) 300 50 

Energy (MeV) 130 100 

Bunch length (fs) 160 200 

Rep. Rate (Hz) 10 



COMB_PWFA




Resonant plasma Oscillations by Multiple electron Bunches 

v   Weak blowout regime with resonant amplification of plasma wave by a train of high 
brightness electron bunches produced by Laser Comb technique    è 5 GV/m with a train 
of 3 bunches, 100 pC/bunch, 50 µm long,    20 µm spot size, in a plasma of density 1022 
e-/m3 at λp=300 µm ? 

COMB Principle 
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Measured 
Longitudinal 
Laser Profile


Achieved Comb structure 
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COMB plasma interaction chamber
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S2E simulation: plasma acceleration 

The External Injection experiment @ SPARC_LAB 

No laser guiding: gas cell, very easy from the experimental point of view. 

e-beam 

Gas cell 3 cm 
Laser 

(on axis w0 = 61 um) 



S2E simulation: plasma acceleration 

The External Injection experiment @ SPARC_LAB 

Sample beam with gas cell (VERY PRELIMINARY): Δt = 157 fs, σx = 3.8 µm.  

εnx = 4.5 µm 

σx = 5.4 µm 

E = 120 MeV 
 
Charge loss = 
8% 

Δγ/γ= 4.5 % 



S2E simulation: plasma acceleration 

The External Injection experiment @ SPARC_LAB 

Laser guided by a capillary tube: more performances but much harder to implement 

Gas 
leakage 
5 mm e-beam 

Capillary 10 cm 
Laser 

(on axis but slightly 
unmatched) 



S2E simulation: plasma acceleration 

The External Injection experiment @ SPARC_LAB 

Best beam: Δt = 182 fs, σx = 3.8 µm.  

εnx = 3.5 µm 

σx = 2.0 µm 

E = 630 MeV 

Δγ/γ= 7.7 % 



LASER	
  FLAME	
   ZONA	
  INTERAZIONE	
  
THOMSON	
  

ZONA	
  INTERAZIONE	
  EXIN	
  

DUMPER	
  

DUMPER	
  

e	
  

e	
  

EXIN plasma interaction chamber








LWFA

More details in G. Gatti talk




	

γ-RESIST 

Laser (scattering) Laser (main) LWFA electrons 

Inverse Compton scattering of of self-injected, LWFA sub-GeV electrons1,2  

γ-rays 

Exp’ed: 2E8 photons/shot 

Photons at screen: image and spectrum 

PIC (Jasmine) 
self-injection 

on a 4 mm 
gas–jet 

Montecarlo TSST: 
expected angular 
and spectral 
distribution 

SIM
U

LA
TIO

N
S 

e- bunch 

γ-photons 

Measured bunch 
fully established 

July 2013 run: 
monoenergetic+ 

low emittance 

First measured (July 
2013) γ-ray signal: low 
S/N ratio. 
Higher shielding,  
collision stability and 
laser beam energy 
needed 

NaI Crystal array 
Divergence 

Energy 

EX
PERIM

EN
T 

e- bunch 

γ-photons 
1L.A. Gizzi et al., NIM B 309, 202-209 (2013);2T. Levato et al., NIMA A720, 95-99 (2013) 3P. Tomassini et al., Appl. Phys. B 80, 
419-436 (2005) 
 





Proton Acceleration
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SHORT TERM PROGRAM :  LILIA PHASE I 

•  A parametric study of the correlation of the maximum 
accelerated proton energy, with respect to the following 
parameters: 

•  Laser pulse intensity (in the range 1018 < I < 1020 W/cm2) 
•  Laser pulse energy (in the range 0.1-4 J) 
•  Laser pulse length (in the range 25 fs-1ps) 
•  Metallic target thickness (in the range 1-10 microns). 

•  In such a frame we would like to deeply investigate the 
experimental scale rules within the possibilities offered by the 
FLAME facility. Moreover, this will provide the opportunity to 
get experience in the development of diagnostic techniques 
and in target optimization. 



Next months




Oct 1-15 
 Oct 16-31
 Nov 1-15 
 Nov 16-30
 Dec
 Jan
 Feb


Thomson
 Kly 2

Problem

fixing


Electrons
/Photons

Transp


Photons/
Electrons

Transp


Collisions

Test


X-ray 
test


X-ray 
test


FEL
 Seeded 2 
colors?


Shot 
Noise 
Red?


THZ
 Experim
ent












C-band
 Inst.
 Inst.
 HP-RF 
Test


HP-RF 
Test


HP-RF 
Test


LILIA
 Experim
ent


DESY
 Experim
ent




Appeal


•  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 shifts is 
an indisensabile requirement to keep SPARC_LAB productive.




MORE FEL




Scientific collaboration proposals 
 
 

 
 
•  Alternative seed sources 
     Kagomé fibers 
    (N. Joly, MP -  
     M.E. Couprie Soleil) 
 
 
 
•  Experimental Study of New Effects of Noise 

Suppression in Relativistic Electron-Beam and 
Spontaneous Emission Sub-radiance in FEL    (A. 
Nause, A. Gover, - Tel Aviv University) 

 
 



Experimental Study of New Effects of Noise Suppression in Relativistic Electron-
Beam and Spontaneous Emission Sub-radiance in FEL 

A. Nause, A. Gover, - Tel Aviv University 

The Research goals   
 
- Control over electron beam noise in the optical spectral range by means of a process 
of Coulomb collective micro-dynamics and use of a dispersive magnetic structure, and 
specifically attain current-noise suppression below the classical “shot-noise limit”. 
 
 
 
 
 
- Suppression of  spontaneous (incoherent) radiation emission in electron beam 
radiation schemes (sub-radiance in the sense of Dicke). Specifically in the context of 
FELs: demonstrating radiation noise suppression and coherence enhancement of seed 
radiation injected FEL .  
 
REF. 
A. Gover, A. Nause, E. Dyunin, M. Fedurin “Beating the shot-noise limit”, “nature 
physics”, published online Oct 14, DOI 10.1038/NPHYS2443, (2012). 



•  If observed, the undulator radiation suppression effect would be 
a first demonstration of Dicke's fundamental effect of 
spontaneous emission sub-radiance in an FEL structure.  

 
•   Since SPARC is equipped with a High Harmonic Generation 

seed injection laser, it will be also possible to observe the 
radiation noise suppression and coherence enhancement effect 
in SPARC's FEL. 

Plan of Visit 
  
Two visits, of 3-4 weeks 
each, are planned: 
(1) Experiment setting, 
equipment use training and 
calibration of diagnostics. 
(2) Conduction of scientific 
experiments. 



1 S-band 

to be


 removed


2 x 1.4 m 
C-band 


to be

 installed


çNew short period undulator to be installed (ENEA – Kyma)




SPARC-FEL: future developments 
 
 

•  DELTA like undulator (end of 2012) 
λu = 14.0mm, gap g = 5mm, Br = 1.22T. 
 
 
Undulator test in two possible configuration with 
the actual accelerator: 
 
1) Two stage SASE-FEL cascade:                     
450nm  to 150 nm 

2) Three stage seeded  FEL cascade: 
       400nm – 200nm – 100nm 

 
 

KYMA undulator 



IRIDE




2K-CRYO 2K-CRYO 

GeV GeV GeV 

I R I D E is a large infrastructure for fundamental and applied physics research. Conceived as 
an innovative and evolutionary tool for multi-disciplinary investigations in a wide field of 
scientific, technological and industrial applications, it will be a high intensity “particle beams 
factory”.  

Based on a combination of a high duty cycle radio-frequency superconducting electron linac 
(SC RF LINAC) and of high energy lasers it will be able to produce a high flux of electrons, 
photons (from infrared to γ-rays), neutrons, protons and eventually positrons, that will be 
available for a wide national and international scientific community interested to take profit of 
the most advanced particle and radiation sources.  
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