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First experimental evidence of SASE at 200 nm on February 17%
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5 undulator sections set at resonance, the 6° section gap is
slowly tuned over the resonance
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Comparison with simulations
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Spectral width vs z
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Higher gradient 8 MW ==> 10 MW

Gun Vacuum 10° mbar ==> 101° mbar

New Gun

Higher charge ==> 1 nC
New Laser injection set up

Cathode QE







Optimization of the FEL process efficiency
Brillance maximization and Laser seeding

Undulator
Magnetic Chicane _

VUV beam
Femtosecond
Laser IR

VUV+IR
Schematics of a seeded FEL process in a dedicated facility.

Stability required ~ few 100s fs (... challenging!)
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Fig. 31.  Lay-our of the harmonic chamber for the seeding experiment at SPARC. The first
chamber is dedicated to the production of harmonics in gas. The second chamber is required for the
opical mode adaptation.
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1) The seeding laser system is a regenerative amplifier, making use of a sample of the optical IR
pulse train produced by the oscillator of the photocathode laser system. This makes the two

lasers 100% time correlated.
&) The pulse of the laser oscillator are spaced by 12.6 ns (79.838 MHz). An optical delay line with

a dynamic range > 12.6 ns allows shifting in time the 2 laser systems (and therefore the seed
respect to the beam).
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(coarse diagnostics)

3) The trigger system allows to select the same pulse in the 2 laser systems for amplification .
4) A coarse (few ps) superposition of the beam and seed can be obtained by looking at the relative
position of the pulses at the same target on a strek camera. SASE light (with seeding off) is the

best candidate to identify the beam arrival time.
5) Fine tuning will be driven by observation and optimization of the seeding process.




SPARC Bunch Arrival Monitor (BAM) based on
the resonant pulse stretching method

Degrees




Bunch arrival jitter measured with the
RF deflector

Image of a SPARC

bunch vertically

streaked on a target
Measurement of

the beam centroid
vertical jitter
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Optical setup for preliminary intensity measurements
(october 2009)
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Task #1: SPARC beam diagnostics

Inverse Fourier transform of the CTR power spectrum provides
the bunch length o

sthe bunch longitudinal form factor f, .

Example from Brookhaven:

ELERAAI

E= 1.2 GeV

r= 60 mm
2A0=2 x 0.1 rad
D=0.Tm

Q=1 nC

Gaussian

Gaussian Bunch




Task #2: Experiments.
Lifetime of a QW excited state
(project of a Ge/Si-Ge Quantum-cascade Laser)

QW (e.g., Ge/Si-Ge

Electric field
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The Quantum cascade Laser

\ \/ In-phase, monochromatic
photons

Basic Info: the lifetime of the E, state
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If the beam injected in a long accelerating structure at the crossing field phase
and it is slightly slower than the phase velocity of the RF wave , it will slip back
to phases where the field is accelerating, but at the same time it will be chirped

and compressed

Electron Bunch from RF injector
Initial velocity By ~ 0.994 (4MeV)

L
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6 < o (head)
The key point is that compression and acceleration take place at the same time
within the same linac section, actually the first section following the gun, that
typically accelerates the beam, under these conditions, from a few MeV (> 4) up to
25-35 MeV.




Electron beam parameters at the linac exit
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C-factor versus injection phase
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Measurement results with compression 3

time profile
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Low charge - extreme compression 17

120fs RMS,
217.5 Amps Ipe

ak

&
=)

-3
oS
S

Current (Amps)

124
S

-90 -85
Phase (deg)

. |No Compression | Compression 17 |
Hor. (red) and Ver. (blu) emittance
' ? T

| z
| |

Norm emittances x-plane | 0.55 pum 1.52 pm
solenoids off 4.1 pm
solenoids off
Norm emittances y-plane | 0.56 pm 1.62 pm _
solenoids off 3.4 um | |
I

(mm mrad)
i —
o © N

—
~J

-
(2]

solenoids off

Solenoid field 450 Gauss _ : ; i
0 50 151 152 153 154 155 156
Gun solenoid current (A)

—







Laser Comb: a train of THz bunches

|

M. Boscolo et al. / Nuclear Instruments and Methods in Physics Research A 593 (2008) 106-110
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Fig. 1. Evolution of a six bunches electron beam train: the columns from left refer, respectively, to (a) the cathode, (b) the end of the drift at 150 cm and (c) the end of linac
at 12 m far from cathode. The rows from top refer, respectively, to longitudinal profile and to energy modulation AE (MeV).
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- 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)
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LASER CONDITIONING
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Laser IR 0.8 micron

EO0 =500 MV/m @ 72 Deg
Bunch radius = 5 micron
Laser pulse length =2 ps
Injection phase= 29.1 Deg




Gun table

IR optical transfer line

= cathode

Abtoized ' ' cathode
alenutor

m= ar mirtor £5 deg 266 nm

bs =thin beam splitter
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