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FACET-Il Electron Beam Parameters

« Three beam configurations: AL R HZ 1 I
Long bunch, short bunch Charge nC 16 0.7-5
and two bunch

Energy GeV 10 4-13.5

* Parameters are not all Bunch Length um/fsrms ~ 20/67  20/67 - 150/ 500+

independent!
o Transverse Size at IP Mm 20 10-100
 + indicates more values
outside experience are
possible, but no one has Beam Current kA 10 1-100+
asked
Normalized Emittance Mm 10 —
Energy Spread % 2 —

FACET-II targets high-charge, high-current operation
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FACET-Il Layout

FACET-Il (SLAC Linac Tunnel Sectors 10 - 20)

UV Drive Laser gxy =10 um lpk =60 kA
Bxy=05m 0,=10pum
Oyxy =20 UM 05=1.5%
/\ S-band
P ¢ TCAV ;
. IR Laser A A A A
RFGUN " =~ / ®=-205° | $=-890° | =00 :  X-band
6 MeV i TCAV
Q=2.0nC DL10 BC11 BC14 BC20
0, =800 um E=125MeV E=335MeV E=45GeV E=10GeV
Exy = 4.5 um Rsg =-1.7 mm R5g =-46 mm Rgg =-36 mm Rgg = +7 mm

FACET-Il targets high-charge, high-current operation
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Laser System MPA Output 22 mJ
Compressor Output 14.3 mJ
« Ti:Sapphire system tuned to 760 nm UVE%%?;’ﬁgm 0.07
» Oscillator and Regen split to feed two MPA UV (253) 1 mJ
 Cathode and Laser Heater Sections Transport Efficiency 0.25
* Pay attention to your mirrors! UV on Cathode 250 udJ
QE 10

Charge

—
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Laser cleaning Cu cathode

» Surprisingly little on laser cleaning in the literature

 We last laser cleaning October 29, 2021 to November 5, 2021
* Yes, 8 days. It is a big spot.

 We have not laser cleaned since

« February 21, 2022: QE = 1.6e-4 = b

« March 17, 2026: QE = 1.6e-4 /ﬁ e Profile Monitor CTHD:IN10:111 13-Oct-2025 11:13:06
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Careful cleaning and managing gun vacuum preserves long lifetime
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Thomas Jogand-Coulomb et al, NAPAC 2025

“ULTRA-VIOLET LASER TRANSVERSE SHAPING WITH PHASE PLATES”
Random Phase Plate (RPP)
« Goal is to generate a cut Gaussian without diffractive |
and other effects Inpue, 3 Achieved

Amplitude Amplitude
* 33% better emittance performance compared to

pure flattop
e 5.85um ->4.7 um demonstrated at FACET-Il (20%)

at 3 nC Output -
arget
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RPP based laser shape never changes, minimal tuning required day to day
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RPP Performance
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RPP based laser shape never changes, minimal tuning required day to day
Brendan O’Shea
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RPP and Beam Performance

Jitter Data for FACET-1l before and after Phase Plate
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RPP based laser shape never changes, minimal tuning required day to day
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High Charge Beam Performance

Charge nC 1.6 2.0 2.5 3.0 3.5 3.8 1.6 3.0 3.0
Laser Power ud 65 78 101 132 145 182 52 93 85
Flat top Spot Size mm 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Pulse Length (rms) ps 1.2 1.2 1.2 1.2 1.2 1.2 1.1 1.1 1.1
Emittance X/Y (@135 MeV) um 4.4/4.4 4.3/47 41/47 45/49 6.3/5.6 5.5/6.1 3.2/3.2 5.9/58 7.5/5.4
Effective QE 104 1.2 1.26 1.21 1.11 1.18 1.02 1.51 1.58 1.72

Performance repeatability huge benefit in two bunch operation
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http://physics-elog.slac.stanford.edu/facetelog/show.jsp?dir=/2025/10/05.03&pos=2025-03-05T16:21:17
http://physics-elog.slac.stanford.edu/facetelog/show.jsp?dir=/2025/09/01.03&pos=2025-03-01T18:00:00
http://physics-elog.slac.stanford.edu/facetelog/show.jsp?dir=/2024/22/30.05&pos=2024-05-30T11:46:21
http://physics-elog.slac.stanford.edu/facetelog/show.jsp?dir=/2024/22/29.05&pos=2024-05-29T19:19:14
http://physics-elog.slac.stanford.edu/facetelog/show.jsp?dir=/2024/18/05.05&pos=2024-05-05T12:02:03

Z.Vostrel and S. Doebert. "Design of an electron source for the FCC-ee with top-up injection capability.” NIMA 1063 (2024): 169261.

Future plans + experiments
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Measure emittance and match for multiple laser beam sizes £ Ty L M . 508 e 2 "ess
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25 ' 50 75 100 25 50 75 100 25 50 7.5 100
and Charge Values Total charge [nC] Total charge [nC] Total charge [nC]
(a) Rms normalized trans- (b) Rms bunch length. (c) Rms energy spread.
* Aiming for FCC relevant values Vel e i arce) B
E 3 Uniform E Uniform %‘0 o5 Uniform
. . B Gauss 2 0.6 Gauss o Gauss
Install method for changing beam size at 100 Hz 2, =
o Soal-.... 2000
* Spatial Light Modulator £, & S
- 2.5 _f;].o [7.? 10.0 255 | 5.0 [71? 10.0 o 2.5 | iﬁo [7;'], 10.0
. Total charge [nC Total charge [nC Total charge [nC
* Deformable Mirror
(d) Emission radius. (e) Rms transverse beam (f) Rms beam divergence.
.. size.
Image electron beam back to cathode and optimize laser
Bunch parameter Simulation Target
shape to QE Transverse emittance 3.14 mm.mrad (rms) <4 mm.mrad
.. Assumed 3.2 mm.mrad (rms)
Use two laser pulses to measure charge emission from Cu
Bunch length 0.96 mm (rms) 1 mm
cathodes Final energy 190 MeV 200 MeV
Energy spread 0.2% (390 keV ) <05%
Bunch charge 5nC 5nC
i~ PhASE26 Brendan O’Shea
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GO FACET-II iy foridneed o
Thank You!
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