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COMB= COHERENT (RESONANT) PLASMA
OSCILLATIONS BY MULTIPLE ELECTRON BUNCHES

Scientific Interest

Plasma-based accelerators are of great interest because of
their ability to:

‘Sustain ultra-high accelerator gradients (~10 GV/m)
enabling the development of compact accelerators.

‘Produce extremely short electron bunches, enabling the
production of advanced radiation sources
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Particle-driven plasma-based Wakefield
Accelerator (PWFA)

The high-gradient wakefield is driven by an intense, high-energy charged particle beam as it passes
through the plasma.

The space-charge of the electron bunch blows out the plasma electrons which rush back in and
overshoot setting up a plasma oscillation.
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2-bunch Train PWFA

Focusing (E,)
Defocusing Asedlsmiin Decelerating (E,)

electron
beam

A second, appropriately phased accelerating beam (witness beam), containing
fewer particles than the drive beam, is then accelerated by the wake.

Bunch train (D+W) for bunch acceleration
(AE/E<<1)



Particle-driven plasma-based Waketield
Accelerator (PWFA)

COMB Principle
N

Resonant plasma Oscillations by Multiple electron Bunches
Witness Drive

electron
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% Weak blowout regime with resonant amplification of plasma wave by a train of high
brightness electron bunches produced by Laser Comb technique = 5 GV/m with
a train of 3 bunches, 100 pC/bunch, 50 um long, 20 um spot size, in a plasma of
density 10?2 e/m? at A_=300 um 2



Experimental activities

Hx-filled capillary



R&D of photocathodes with
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PHOTOCATHODES
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DESIRED PHOTOCATHODE PROPERTIES

»Quantum efficiency
‘High QE at the longest possible wavelength;
*Fast response time : <100 ps;
*Uniform emission;
Easy to fabricate;
‘Low dark current.

» Intrinsic emittance &, . . o m
*As low as possible;

*Smooth surface (few nm) to minimize emittance grown
due to surface roughness;

*Tunable, controllable with photon wavelength and

with the work function.

» Lifetime, robustness, survivability
‘Require long operating lifetime > 1 year;
‘Easy, reliable cathode cleaning or rejuvenation.



WHICH METAL?

Metallic @, | A(nm), hw (eV) QE
photocathodes | (eV)
Cu 4.5 266, 4.66 1.4x10~
Mg 3.7 266, 4.66 1.8X1073
1.3X1073
Y 3.0 266, 4.66 3.3X10*
406, 3.01 1.1X10
Pb 4.0 250, 4.96 6.9x104
193, 6.42 1.5x1073




IS YITTRIUM MORE INTERESTING AND
SUITED THAN MAGNESIUM?

> 2° HARMONIC (400 nm~3.1 eV) OF Ti:Sa LASER
INSTEAD OF 3° HARMONIC (266 nm~4.66 eV) CAN
BE USED;

> I'T MEANS MORE AVAILABLE AND STABLE
ENERGY OF THE PHOTOCATHODE DRIVE LASER;

> REDUCED THERMAL EMITTANCE (& = Jio—4,, )



WHY PULSED LASER ABLATION DEPOSITION
TECHNIQUE FOR PRODUCING METALLIC
PHOTOCATHODES?

> FILMS HIGHLY ADHERENT TO THE SUBSTRATE;
> HIGH QUALITY FILMS;
> VERSATILE TECHNIQUE.

Weak points:
O Inhomogenity of the deposited thin films due to the
narrow angular distribution of the plasma plume and to

the plume deflection effect;

1 Presence of particulates and droplets on the film surface.



Y-BASED PHOTOCATHODES

[0.795 +0.002]

(g9 505 20.20 £0.05
[0.39040.002]
E 9.910.05
[0.1380.002]
4x  330[0.130] ¥ 7.75[0.305] 3.51 40,05
‘ [6le 29al8]
% £ ~THIS SURFACE IS TO BE
N RSN A
i 7/ AND DUST.
1 [3.65020.002]
Z $92.7
. f EEX
f Y : W14
1.000 % 1
o) 2 Metallic thin film
N 5] Ve [3. 150. 0001
2
. 77
¥ LATHE
N [0.060] ,_.
2X_R1.52 .
;«// =
AL '}

SHARP
CORNER
[3.650 20.002] [0.0140.001] [0.020 £0.010] [0.014£0.001]
$92.71 #0.05 @1/2-13UNC ¥ 11.17[0.440] 0.36 +0.02 RO.51 +0.25 0.36£0.02
DEI'AIL A
SECTION A-A .
1 SCALE2: 1 SCALE4:1

NOTES:
1. DIMENSIONS SHOWN ABOVE AND IN
RACKE{: ARE IN INCHES. DIMENS\ONS
SHOWN BELOW AND/OR WITH
BRACKETS ARE IN MM.
2. AL TOLERANCES AREIN MM,

g 7 T . T : T




Morphological and Topographical analysis of Y thin
Film

Film
Thickness
~ 1pm

Film RMS
Roughness
~2nm
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Structural and Optical analysis of Y thin Film
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Elettra Sincrotrone Trieste




PHOTOINJECTOR FOR CATHODE TESTING AT FERMI OF
ELETTRA SINCROTRONE
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PHOTOINJECTOR FOR CATHODE TESTING AT FERMI OF
ELETTRA SINCROTRONE
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PHOTODIODE

CELL

FOR

TESTING THE

EFFICIENCY OF PHOTOCATHODES-LECCE
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PHOTODIODE CELL FOR TESTING THE QUANTUM
EFFICIENCY OF PHOTOCATHODES-LECCE

Richieste finanziarie
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Anagrafica

SLL. COMB-Lecce 2016

Nome Qualifica Yo
Caricato Anna Paola Ricercatore Universitario 10
De Giorgi Maria Luisa Ricercatore Universitario |40
Di Giulio Massimo Professore Associato 20
Lorusso Antonella Ricercatore Universitario |70
Perrone Alessio Professore Ordinario 80
Solombrino Luigi Professore Associato 100




RICHIESTE FINANZIARIE SL. COMB-
LECCE 2016

Missioni 3 k€
Materiale di consumo 2 k€
Strumentazione 15 k€



