
LNF- November 14, 2013 

4th SPARC_LAB PAC Meeting 



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



https://agenda.infn.it/conferenceDisplay.py?confId=6941
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X-ray THOMSON Source 

C. Vaccarezza / M. P. Anania / G. Gatti talks


STAR Colaboration

D. T. Palmer 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








SPARC Program Advisory 
Committee 
22 Oct 2013  

Dennis T. Palmer, INFN-Milano 

STAR: Southern Europe Thomson back-
scattering source for Applied Research 



Beam Parameter Phase 1 Phase 2 
Bunch Charge (nC) 0.5 0.5 
Energy (MeV) 20 - 60 20 - 85 
RMS Bunch Length 
( ps) 1 - 5 1 - 5 
εn_x,y (mm-mrad)	

 1 - 3 < 1.5 
Energy Spread (%) 0.1 - 2 0.05 - 0.5 
RMS Focal Spot Size 
(µm) 15 - 40 10 - 40 

Electron Machine Parameters 

Parameter IP Laser PC Laser 
Repetition rate (Hz) 100 100 
Oscillator Repetition rate 39 2/3 MHz 39 2/3 MHz 
Output Energy (mJ) > 130 mJ (IR) > 300 µJ (UV) 
Short Term Energy Stability 
(rms) 

3 % 1 % 

Long Term Energy Stability 
(P2P) 

< 5 % < 2 % 

Wavelength 1029 nm 258 nm 
Jitter (rms) 10 – 10 KHz <1 ps < 1 ps 
Bandwidth < 0.5 nm < 1 nm 
Technology Yb:YAG Yb:KGW 
Amplifier Pump Technology Q C W  D i o d e 

Pumps 
C W  D i o d e 
Pump 

Pulse duration (ps FWHM) 5 5 
Beam diameter  (FW 1/e2 mm) 10 mm  < X < 15  

mm 
1 mm < X < 2 
mm 

Strehl Ratio   0.8 NA 
M2   NA 1.3 

Photon Machine Parameters 





Hangar and Bunker  
Construction at  

University of Calabria 



STAR Bunker Layout 





PAC Findings and Recommendations




C-BAND for SPARC_LAB �
and ELI_NP


Courtesy D. Alesini




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	
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TWO COLORS FEL �





TWO COLORS SASE FEL 

two bunches  with 

a two-level energy distribution 

and time overlap (Laser COMB tech.)


produce two wavelength 
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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	
  

Emi`ance	
  measurements	
  comb	
  beams	
  

First	
  bunch	
  

Second	
  bunch	
  

L.	
  InnocenF	
  









FLAME activities

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 
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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 
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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) 
 











PAC Findings and Recommendations




THz Source

Courtesy E. Chiadroni, S. Lupi




The SPARC_LAB THz beam lines 

November 14, 2013 37 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 

November 14, 2013 enrica.chiadroni@lnf.infn.it 38 

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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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 

November 14, 2013 enrica.chiadroni@lnf.infn.it 40 

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 





Insulator to Metal Transitions 

Filling-Controlled MIT: 
•  static (doping) 

Bandwidth-Controlled MIT: 
•  static (pressure) 

U  Coulomb repulsion 
t     Bandwidth 

Many materials are insulating although band theory suggests a metallic 
ground state: V2O3, VO2, NiO, NiSe2, La2CuO4, Cs3C60 

à Strong Electronic Correlations  
(Basic Ingredient for High-Tc Superconductivity) 
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Collaboration with Stratclyde 

M. P. Anania talks












PAC Findings and Recommendations




Near future
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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 shifts is 
an indispensable requirement to keep SPARC_LAB 
productive.




Minimal Requests


•  Mirroring SPARC_LAB control room in DAFNE control room for routine 
operations: RF conditioning, machine warm up, etc.  (in ~progress)


•  At least 1 technician in shift at SPARC_LAB every running day (to be 
discussed) 


•  Always same priority in case of “first aid”  (~promised)
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Future ?










More Future with ~40 M€?










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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