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GUN PARAMETERS  LINAC PARAMETERS   FEL PARAMETERS 

Frequency:  2856 MHz  Frequency:       2856 MHz          Wavelength: 530 nm 

Peak Field:  120 MV/m    Accelerating Field:  25 MeV/m    Undulator period 2.8 cm 

        

Beam Energy: 5.6 MeV  Beam Energy:         155 MeV        Undulator length  2.156 cm 

Charge:  1 nC           gap 0.6-2.5 cm typ 0.958 cm 

Laser:  10 ps (Flat Top with <2 ps rise time) 

R & D on high brightness 
electron beam 

R & D on FEL radiation  

R & D for SPARX  
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2007  2008  2009  2010  2011  2012  2013 

First product of the 
SPARC experience 
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Dynamic studies 

Beam parameters: 
Energy=5.5 MeV 
Q ~ 500 pC 
flat top pulse  
(FWHM length~5 psec 
Rise time ~ 1.5 psec) 
ϕ- ϕm=+12° 
<σ>=420 µm 
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Envelope control 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RF deflector 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QT1 

QT2 

QT3 

RFD 
to undulator 

QT4 
QT5 

QT6 

Complete diagnosEc 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Slice emiQance measurements 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Q=250 pC 
5 ps 
132 MeV 

2.5 ps 
90 MeV 

ph
as
e 

ph
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e 

Energy 

Energy 

Preliminary results for the velocity 
bunching 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Linac Commissioning  Beam  
Match 

SASE & 
SEEDING 

Undulator InstallaLon 

2008 planning 

Velocity  

Bunching Cathode 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Seeding 
•  Shortening the saturaEon 
length 

•  Extending the wavelength 
range 

•  Reducing the shot to shot 
fluctuaEon 

•  Narrowing the bandwidth 

SEED SOURCES 

Ti:Sa RegeneraEve amplifier 
800 nm ‐ 2.5 mJ – 1 kHz 

+ 
High order harmonics 

400 & 266 nm 
+ 

High order armonics in gas: 
266, 160, 114 nm 

High Energy  
Short duraEon 

SpaEal and temporal Coherence 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L. Giannessi et al. “Seeding experiments at SPARC” Nuclear Instruments and 
Methods in Physics Research A 593 (2008) 132– 136 
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Single spike 
•  If the bunch length is 2π shorter of the 
cooperaEon length the FEL emission is not 
anymore consEtuted by several random spike 

•  The emission produces a radiaEon pulse 
shaped in one single spike 

•  The phenomena can be studied at SPARC 
confirming the predicEon of the simulaEons 
and the scaling laws 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THz source and Laser Comb 

THz radiation can be easily produce by means of CTR 

It is difficult to put high charge in sub-ps bunches 

A particular structure in the longitudinal laser profile can solve this problem 

Form factor of a  
single sub‐pulse  

Form factor of the  
comb structure 

3 mm 
300 µm 

σ = 50 µm 
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14.5 m1.5m
11º

10.0 m 5.4 m

quadrupoles
dipoles

Diagnostic 1-6 Undulator 
modules

Photoinjector solenoid
RF sections

RF deflector
collimator

25º

25º

AddiEonal beam lines 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SPARC experiments 
•  Laser/Plasma AcceleraEon of ultra‐short (fs) e‐ 
bunches 

•  Compact Sources of mono‐chromaEc tunable X‐rays 
for advanced clinical diagnosEc and nano‐biology. 

ApplicaLon 
Bunch 
charge 
(nC) 

Energy 
(MeV) 

Bunch 
length 
rms (ps) 

Norm. rms 
emiSance 
(mm) 

Energy 
Spread 
(%) 

Plasmon  0.025  100‐200  0.025  0.1  0.2 

Thomson  1‐3  28‐200  3  2‐5  0.2‐0.1 

See the talk of L. Serafini (Sunday) and D. GiulieY (Thursday aZernoon) 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Conclusion 
•  A lot of acEviEes are ongoing 

–  Experimental acEviEes on SPARC 
–  TDR for SPARX 

•  Also several others are foreseen in the next 
future in the SPARC 
–  Plasmon X 
–  Thompson 
–  THz radiaEon 
–  Single spike 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