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« High brightness (high current, low emittance) electron beam production by
photoinjector is required by several applications in the accelerator physics field, e.g.,
Free Electron Laser (FEL) radiation sources and Plasma Wake Field Acceleration (PWFA)
experiments.

« A R&D activity on photocathodes is under development at the SPARC_LAB test facility at
LNF in collaboration with the Cavity Test Facility at the Elettra-Sincrotrone Trieste in
order to fully know and characterize each stage of the photocathodes “life” and to
improve their performance.

J. Scifo 3



el Yttrium thin film on Cu photocathode

v A yttrium (Y) thin film (1.2 pm thickness and d = 3 mm
diameter) was grown by pulsed laser deposition (PLD) on a
copper (Cu) polycrystalline photo-cathode!™ . The
deposition has been done in the centre of the flange.

v" PLD of yttrium on copper guarantees a highly adherent
film with high quality .

v Yttrium is a transition metal that has a work function of
(Pwork ~3eV ((Pcuwork ~ 4.6 eV).

(1) A.Lorusso, M. Anni, A. Caricato, F. Gontad, A. Perulli, A. Taurino, A. Perrone, E. Chiadroni, Deposition of y thin films by nanosecond uv pulsed
laser ablation for photocathode application, Thin Solid Films 603 (2016) 441-445.

(2) A.Lorusso, M. Trovo, A. Demidovich, P. Cinquegrana, F. Gontad, E. Broitman, E. Chiadroni, A. Perrone, Pulsed laser deposition of yttrium
photocathode suitable for use in radio-frequency guns, Applied Physics A 123 (12) (2017) 779.
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="Vl XRD analysis

The XRD pattern shows the structure of the Y film with
a preferred orientation along the (100) plane at 28.22°
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=Vl Cavity Test Facility

et Lo J

New test stand

Linac tunnel

Layout of FERMI linac tunnel. The CTF has been installed in a free space behind the FERMI photoinjector.
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=Vl Fxperimental set up

Beam rotation ~ 0°

1.6 cell
Gun 1 cavity
(by UCLA)
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screen the laser trajectory.
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vVl Theoretical Quantum Efficiency

1-R(w) (hw— efs)’

QE(w) =~

1+ 5 Aph 8¢eff(EF + Gesf)

Yttrium theoretical value of QE: Cu theoretical value of QE:

QEtheor= 1.43E-5 (Ajase= 392N, Ege=95MV/m ) QEtheor= 5.75E-5 (Ajpser= 266nm, Ege=95MV/m)

__-

Y (2=400 nm) ™ 147
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(1) A.Lorusso, M. Anni, A. Caricato, F. Gontad, A. Perulli, A. Taurino, A. Perrone, E. Chiadroni, Deposition of y thin films by nanosecond uv pulsed
laser ablation for photocathode application, Thin Solid Films 603 (2016) 441-445.

(2) A.Lorusso, M. Trovo, A. Demidovich, P. Cinquegrana, F. Gontad, E. Broitman, E. Chiadroni, A. Perrone, Pulsed laser deposition of yttrium
photocathode suitable for use in radio-frequency guns, Applied Physics A 123 (12) (2017) 779.
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="l Yttrium Quantum Efficiency estimation

Parameters:

*  Ege=95.3MV/m

* Working RF phase=30°

« Laser pulse length=1ps - FWHM (Gaussian profile)

* Laser spotsize, 6, ~ 130 um, o, = 160 pm (Gaussian profile)
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="Vl Intrinsic emittance theoretical value

Parameters: - - — -
«  Ege=95.3MV/m I Theoretical intrinsic emittance: |
*  Working RF phase=30°
« Laser pulse length=1ps - FWHM (Gaussian profile) Ao — ¢
 Laser spotsize, o, ~ 130 pm, 6, ~ 160 pm (Gaussian profile) _ _ eff
* E=4.15MeV - Electron beam energy Eint = Gpr =0, 3 2
© Naser= 392nm (3.16eV) mc
* Quork=3.1eV where
¢eff = ¢w - ¢Schottky = ¢w — BERF = ¢w - e\/47f€0 (6ERF)

v Theoretical value of Yttrium intrinsic emittance:
Eintr.n=0.46pm/mm (A4,..,= 392nm )

In the same conditions for the Cu photocathode:

v" theoretical value of Cu intrinsic emittance:
Eintrn=0.56pm/mm @,,...= 266nm)
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5: el Emittance measurements: method

Solenoid Scan Technique:
1. Measurements of beam size squared on YAG Screen for different solenoid fields are

given by:
(o) = R (x3) +2RIR (o, )+ RY (37

Where the coefficients Ry and R, are the elements of beam line transfer
matrix.

2. Total normalized emittance has been computed at the entrance of gun solenoid:

€ pms = 7//3)\/<x02><x0'2> - <xox'0>2
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=l Beam emittance versus bunch charge

Parameters:

«  Ege=95.3MV/m

«  Working RF phase=30°

« Laser pulse length=1ps - FWHM (Gaussian profile)

 Laser spotsize, 6, ~ 130 um, o, = 160 pm (Gaussian profile)
« E=4.15MeV - Electron beam energy

* Maser=392nm (3.16eV)

¢ "Pwork =3.1eV

Total beam emittance VS bunch charge- x plane

16 09 Total beam emittance VS bunch charge- y plane
7 \ 1 experimental data : ' 1 experimental data
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vVl Conclusions
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- A new kind of metallic photocathode, Y-film (¢,,.« = 3.1 €V) on Cu photocathode,
has been tested using the second harmonic of Ti:Sa laser (4,,;.,= 392nm )

* The experimental Quantum Efficiency value is in agreement with the theoretical
value

* The total beam emittance has been measured in order to extrapolate the
intrinsic emittance value

- Future work: intrinsic emittance computation and HomDyn / GPT
simulations for the theoretical comparison
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eVl Finally it's over
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Thank you for your attention
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