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From SPARC to SPARX:

From R & D to experiments



2003 MIUR Funding of SPARC Test Facility

2005 MIURFunding of R&D for a soft X ray FEL
(SPARX R & D)

2007 Agreement with MIUR & Regione Lazio for the
development of soft X ray FEL
(SPARX-FEL)

From SPARC to SPARX



SPARX Goals
The needs of different user-communities have 

identified in several workshops

• water window 
(~ 2.5 – 4.5 nm)

• carbon window 
(~ 4.5 – 5.0 nm)

Wavelength range :
0.6  - 40 nm

SPARX workshops - INFN-LNF                 09.05.2005
- INFN-LNF                 19.06.2007

SIMPOSI   SPARX  March, June and October 2008

Bio&Medical Sciences workshop  - Rome March  2009
Bio&Medical Sciences workshop  - London    March  2010



National funds:

MIUR FISR 2003 2.5 M€
SPARX-MIUR  Part 1+2   ~10.0 M€
Regione Lazio 15.0 M€

EU-Funding (ca. 2 M€)

Obtained:
EuroFEL (FP6)
CARE (JPA PHIN)
IA-SFS
IRUVX-FEL (FP7)
ELISA (JRA FELINS)
EuCARD (WP ANAC)

Foreseen:
TIARA
CECILIA
CRISP

Funding



Initial decision adjusted

SPARX-FEL Facility shall be firstly constructed at 
INFN Frascati National Laboratories

Dec. 2010



SPARX Linac+undulators

SPARX VUV optical line

SPARX-750 MeV @ LNF

127 m







Scientific Highlights



L.Giannessi

SASE operation at 500 nm (2009 - SPARC design wavelength)

SASE with tapered undulator compensating energy chirp – single 
coherence region from SASE  (PRL, L. Giannessi et al., to be published)

Generation of laser COMB structures (in prep.)

Generation  of high harmonics in a seeded FEL operating at saturation (in
prep.)

Superradiant cascade (400nm-> 200nm + harmonics down to 40nm) (in
prep.)

Direct seeding with HHG of an FEL amplifier at 160nm (in prep.)

One stage cascaded FEL amplifier seeded with harmonics generated in gas 
(266nm -> 133nm) (in prep.)

36.18 nm

SPARC FEL Highlights (2010)

High harmonics simultaneously generated in a superradiant FEL amplifier



(L. Giannessi)

Testing of different seedings

Mode of operation SASE Seeded

Wavelength 500 nm 200nm 133 nm 66nm

Energy/pulse (~ 100 fs) ~100 J ~10 J ~1 J ~100 nJ

# photons 2.5 x 1014 1.0 x 1013 6.7 x 1011 3.3 x 1010

Energy 178 MeV (max)

Current 50-60A (max in seeded mode)

Emittance ~ 2-3 mm mrad



- P.O.Shea et al., Proc. of 2001 IEEE PAC, Chicago, USA (2001) p.704.
- M. Ferrario. M. Boscolo et al., Int. J. of Mod. Phys. B, 2006 (Taipei 05 Workshop)

Laser-Comb



After a tuning of the Velocity Bunching injection phase we observed on the
screen downstream the RF Deflector two distinct pulses separated by ~1
ps with t1 = 0.24 ps
and t2 =0.29 ps respectively.
The charge unbalance was ~ 40%.

Pulse separation by COMB

Observation of Pulse Separation in 
Overcompression Regime

time

en
er

gy



3 9 5 3 9 6 3 9 7 3 9 8 3 9 9 4 0 0 4 0 1 4 0 2 4 0 3 4 0 4 4 0 5
- 2

- 1

0

1

2

1 , 3 E 7
1 , 6 5 7 E 7
2 , 0 1 3 E 7
2 , 3 7 E 7
2 , 7 2 7 E 7
3 , 0 8 3 E 7
3 , 4 4 E 7
3 , 7 9 7 E 7
4 , 1 5 3 E 7
4 , 5 1 E 7
4 , 8 6 7 E 7
5 , 2 2 3 E 7
5 , 5 8 E 7
5 , 9 3 7 E 7
6 , 2 9 3 E 7
6 , 6 5 E 7
7 , 0 0 7 E 7
7 , 3 6 3 E 7
7 , 7 2 E 7
8 , 0 7 7 E 7
8 , 4 3 3 E 7
8 , 7 9 E 7
9 , 1 4 7 E 7
9 , 5 0 3 E 7
9 , 8 6 E 7
1 , 0 2 2 E 8
1 , 0 5 7 E 8
1 , 0 9 3 E 8
1 , 1 2 9 E 8
1 , 1 6 4 E 8
1 , 2 E 8

l a m d a

y

Two pulses from FEL

Genesis 1.3 code



Diagnostic
and

Matching

THz-radiation at SPARC



On crest operation

Q = 500 pC
Energy= 167 MeV
energy spread = 0.1%
ex= 3.5 mm mrad
bx = 17.73 m
ax = -1.17
ey = 4.1 mm mrad
by = 25 m
ay = -2.78

t = 2.0 ps

Compression Factor 4

Q = 500 pC
Energy= 94 MeV
energy spread = 1%
ex= 6.4 mm mrad
bx = 28.4 m
ax = -2.774
ey = 3.3 mm mrad
by = 33.83 m
ay = -2.539

t = 0.5 ps

Effect of Bunch Compression

A gain of a factor 25 in intensity with respect to 
the on crest operation has been detected in 
the RF compression mode



Charge (pC) Bunch Length (ps)

125 1.81+/-0.019 

225 1.96+/-0.018 

335 2.22+/-0.021 

490 2.49+/-0.034 

V=V0Q =1.9

Itot( )=Isp N² F||( )

N² dependency



Future developments



Energy Up-grade - C-band 

main Motivation: to increase the SPARC beam energ from 180 MeV to 250 MeV to lase closer to the UV
and improve the seeding experiment

2nd Motivation: to gain experience with a rather new RF technology, in the light of possible future
developments

PARAMETERS

Frequency (fRF) 5.712 [GHz]

Phase advance per cell ( ) 2 /3

Number of accelerating cells (N) 86

group velocity (vg): 0.0278*c

Field attenuation ( ) 0.22 [1/m]

Filling time ( ) 180 [ns]

Average accelerating field @ t= 35 [MV/m]

Average diss. Power @ 10 Hz 46 [W]

S -> C band



GUNACC. STRUCTURE

TH2128C

S-BAND Station

ACC. STRUCTURE ACC. STRUCTURE

TH2128C

PULSE
COMPRESSOR

S-BAND Station 

E > 245 MeV

22 – 23 MV/m  135 MeV

ATT

C-band
Station

C-band
PULSE  COMPRESSOR

C-band acc. structures
> 35 MV/m
E > 105 MeV

5712 MHz – 50 MW

1.4 m 1.4 m

 40 MW  40 MW

 90 MW/0.25 s 30 MW
1 s

RF GUN TEST STATION

R. Boni

Test of C band 50 cm @ KEK
RF power is 110 MW
‘breakdown rate’ of a few discharges/hour
Acceleration >40 MeV/m

SPARC with C-Band



E 260 MeV E = 900 MeV (on crest)

S band

C band

C band system with 2 m sections
E 40 MV/m

GUN LH

SPARC upgrade

120 MeV
1.5 m. sect.

BC

160 MeV

C band

40 m

Following the successful result of the prototype power test, an average C band RF
gradient of 40 MV/m can be considered for the SPARC energy upgrade to 750
MeV.

General layout of SPARC X 750

X

480 MeV

SPARC X RF Layout

R. Boni

Energy upgrade to 750 MeV



Seeded

Seeding with a 1 stage cascade
@ 400 nm & 266 nm

3 harmonic in the cascade
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Direct Seeding 
with harmonics generated in gas

@ 200nm, 
160nm,
133nm,
114nm,
100nm

C-Band for lower wavelength

Cascaded FEL amplifier seeded with harmonics generated in gas (in
progress)



Plasma WFA by COMB



Promising Simulations



SPARX@LNF Future Strategy

SPARX@LNF:

Compactness: C-X band accelerators – short-
undulator (7-9 mm)
Ultra-short radiation bunches (bunch length <10 fs)
High repetition rate  (from 50 Hz – multi-100 Hz)
Integration of novel acceleration technologies (plasma
injector)
Combination of FEL radiation (0.1 – 10 keV) with
Compton scattered photons (100 keV – 20 MeV)



Thank you !


	Text1: Patrizio Antici


