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Transverse Brightness of Electron Beams
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SASE-FEL Scaling Laws
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Schematic View of the Envelope Equations
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The beam undergoes fwo regimes along the accelerator:
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Laminar Beam-Transverse Space charge Field
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Emittance Oscillations and Growth are driven by space
charge differential defocusing in core and tails of the
beam
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Simple Case: Transport in a Long Solenoid
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Small perturbations around the equilibrium
solution
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Envelope oscillations drive Emittance oscillations
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Perturbed trajectories oscillate with the
same frequency but with different amplitudes




A Spread in Plasma Frequencies drives a
Beating in Emittance Oscillations
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Beam subject to strong acceleration
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Back to Real World: Invariant Envelope Solution
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This solution represents a beam equilibrium mode that
turns out to be the transport mode for achieving minimum
emittance at the end of the emittance correction process
(L.s and J.BR., PRE 55 (1997) 7565)



An inportant property of the Invariant Envelope
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Small perturbations around the equilibrium
solution
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Emittance Oscillations
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Laminarity Parameter
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Typical X-FEL Beam

If &4 =03 mmmrad @ 1 nC
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The New working Point
for a Split RF Photoinjector

Adopted by LCLS, TESLA-XFEL, ORION, SPARC,...
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Realistic Case

Slice emittance
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The SPARC FEL Project

On behalf of the SPARC study group

/ INFM

) y

INFN " ()
ToV-Romaz2

University




SPARC Study Group

D. Alesini, S. Bertolucci, M.E. Biagini, C. Biscari, R. Boni, M. Boscolo, M. Castellano, A.
Clozza, G. Di Pirro, A. Drago, A. Esposito, M. Ferrario, V. Fusco, A. Gallo, A. Ghigo, S.
Guiducci, M. Incurvati, C. Ligi, F. Marcellini, M. Migliorati, C. Milardi, L. Palumbo, L.
Pellegrino, M. Preger, P. Raimondi, R. Ricci, C. Sanelli, M. Serio, F. Sgamma, B.Spataro, A.
Stecchi, A. Stella, F. Tazzioli, C. Vaccarezza, M. Vescovi, V.Verzilov, C. Vicario, M. Zobov
(INFN/LNF) ==>9 FTE
F. Alessandria, G. Bellomo, I. Boscolo, F. Broggi, S.Cialdi, C. DeMartinis, D. Giove, C. Maroli,
V. Petrillo, L. Serafini,
(INFN /Milano) ==>4 FTE
E. Chiadroni, G. Felici, D. Levi, M. Mastrucci, M. Mattioli, G. Medici, G. S. Petrarca
(INFN /Romal) ==>1FTE
L. Catani, A. Cianchi, A. D'Angelo, R. Di Salvo, A. Fantini, D. Moricciani, C. Schaerf,
(INFN /Roma2- Universita di Roma “Tor Vergata”) ==> 1 FTE
R. Bartolini, F. Ciocci, G. Dattoli, A. Doria, F. Flora, G. P. Gallerano, L. Giannessi, E.
Giovenale, G. Messina, L.Mezi, P.L.Ottaviani, L. Picardi, M. Quattromini, A.Renierti, C.
Ronsivalle
(ENEA/FIS)
L.Avaldi, C.Carbone, A.Cricenti, A.Pifferi, P.Perfetti, T.Prosperi, V.Rossi Albertini,
C.Quaresima, N.Zema
(CNR)




150 MeV Photo-injector R&D Project to investigate
High Brightness e- Beam Production

for SASE-FEL experiments

photo

injector Bsolenoid  Buadrupoles
[Jdipoles

]
> > < > < " > I
1.5m 10.0m 6.0 m 145 m 1-6 Ondulator modules Ly
6.6 m
34 m
Frequency: 2856 MHz Normal Conducting
GUN PARAMETERS LINAC PARAMETERS
Peak Field: 120-140 MV/m (15 MW) | Accelerating Field: 25-30 MV/m (50 MW)
Solenoid Field: 0.3 Tesla Solenoid Field: 0.1 Tesla
Charge: 1nC Beam Energy: 150 MeV
Laser: 10psx 1 mm (Flat Top)




SPARC Linac: the Time Table

yA 1% year
1.1 Laser v4 V4 V4 V4 V4
1.2 RF Gun V4 / Y4 / 7
1.3 Linac v4 V4 V4 V4 V4
1.4 Diagn.-contr. [Z V4 V4 V4 4
1.5 Commiss. |7 V4 V4 V4 V4

design acquisition [assembling | test |

We are waiting for delivery of the funding to our Institutions:
released by a Techn. Committee of the Res. Department (MIUR)




A view of the complex with Shielding Ground and
building roof removed




SPARC-Phase 1
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SPARC-Phase

photo injector

RF sections 5.0 §
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Boscolo/Ronsivalle PARMELA
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Gun-end linac simulations
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laser pulses with a pulse length of 9 ps FWHM.



PARMELA output for SPARC

3 groups of “GENESIS slices” were chosen at different current
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SPARC time — dependent GENESIS simulations;
A =485.5nm; Lsat =11.0 m
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SPARC-Phase 3

photo injector Bsolenoid  Buadrupoles
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Velocity Bunching In Photoinjectors

I.e. Compression during Acceleration

« Alternative option of bunch compression = high brightness
sub-ps beams (as needed by X-Ray SASE Fel’s)

e Compression is rectilinear (no Coherent Synch. Radiation
effects), based on longitudinal focusing in slow RF waves

e Performed at low energy (10-80 MeV), fully integrated into the
emittance correction process (for maximum brightness)



A quarter synchrotron oscillation
gives phase compression

e By Injecting at » =7, and extracting até=0° we
perform an energy spread enhancement associated
to a phase spread reduction
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Transverse Dynamics of a laminar
plasma-beam subject to Velocity Bunching

Assuming a current growing at the same rate as the beam energy
the envelope equation becomes

| rQ%yr? |
| =L o' +o'lto 7; — 0 > =0
Y0 Y Y 21 ooy

I
RFC = <
Qy"\ 21570

and the new (exact) solution is

RF Compression Invariant Envelope
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p 2y




Three Conditions to preserve
emittance while bunching

current growing at the same rate as the beam energy

(velocity bunching |, not ballistic) |
— = const.

Y
(additional external focusing to match onto a parallel envelope (I.E.
RFC solution)

1 if I
ORFC = )
RF compressor accelerating secfibh | ﬁée}‘o’rhan a plasma wavelength
(2-3 m)

KRFC _ Qy’
p @y



PRELIMINARY LAYOUT
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intensity (A)

RF Compression at DUVFEL
(B. Graves & Ph. Piot)

undulators linac (off) linac

5 MeV ™ MeV 5 MeV

dump dump DUVEE]
200 -
¢'L]:00 -
: Oy (=827 o .
i |
150 ¥ ) -
| ' i
:
Eoy 2 —
100 ) —
i 2 1s N ,,(
50 3 1 9/
M simulation
| experiment »-@--=
) ? X ’ ! 0 ; ‘ ‘

-100 -80 -60 -40 -20 O 20 40 60

time (ps) 0y (rf-deg)



Examined two solutions:
S-band normal conducting and L-band SC

S-band Room-Temperature

150 MeV 1 GeV 2.5 GeV
700 A 700 A 2.5 kA
Magnetic

S-band Photoinector SLAC TW Compressor SLACTW

with RF Compressor
RF Gun + 4 SLACTW  Acc. Structures Acc. Structures

E,.. = 18-20 MeV/m 200 m

v




Start-to-End Simulations (First with RF Compressorl!)
Slice Analysis at Linac End. ( T=2.5 GeV )

x 107 . slica langth= 14.35 pm

RMS anangy spread

i 2

nx slice

slice numbar sllce number

C. Vaccarezza




3D simulation with GENESIS @ 1.5 nm

Teb. 3: Undulabrschaiderists
Uxddabrl | Uddatr2
@L5nm | @35m
Type Hibadh Habadh
Period 3an 5an
K 167 4.8
Gp 1267/mm 1216mm
ReddaFed 15T 15T

Tab. 4: FEL-SASE expected performances

Radiation Power

P [w]

Wavelength (1)

1.5 nm 13.5nm

Saturation length

245m 145 m

Peak Power

10° W

410w

Peak Power 3 farm.

210°W | 510°W

Peak Power 5 Rrm.

310'W | 2108 W

Brilliance

1810 | 210%

Brilliance 3  farm.

10%° 10%

Brilliance 5 farm.

910% 310%

a0 40

z [m]
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