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“Don’t complain and don’t explain”

– Tom Katsouleas
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2023 2024Oct Nov Dec 2024 Feb Mar Apr May Jun Jul Aug Sep

Oct 1 - Nov 22LCLS NC User 
Run 21

Nov 27 - Dec 20 (18 working days)Downtime 

Dec 21 - Jan 3Winter Closure

Jan 4 - Jan 14LCLS NC Startup

Jan 15 - Jul 3LCLS NC User Run 22

Jul 5 - Aug 16 (31 working days)Downtime 

Aug 19 - Aug 25LCLS NC Startup

Aug 26 - Sep 30LCLS NC User Run 22

LINAC Middle/LINAC West PPS Testing (dates TBD)

LINAC East/BSY PPS Testing (during Winter Closure) 

Undulator Complex PPS Testing (dates TBD)

LINAC Middle PPS Testing – potentially during PG&E 60kV switchover 10/16-10/20

LCLS SC Beam

LCLS SC Beam

Downtime – LINAC West  (LCLS-II-HE VTL work) Jul 5 – Sep 30 (61 working days excluding Labor Day)

Feb 2 – Feb 7LCLS SC Startup

Downtime – LINAC West  (STCAV2/LCLS-II-HE)

Oct 2023/Sept 2024 Accelerator Schedules & Downtimes

FACET-II

FACET-II Jan 8 - Jul 3

Nominal 6 months operations for FY24 in Q2-3

FACET-II has restarted and will resume 10GeV 
operation this week and run until Thanksgiving Holiday

Off Q4FY24
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National User Facility with a Broad User Program

Based on 10GeV Beams and Their Interaction with Lasers & Plasmas

4

Plasma

Photocathode

Plasma Wakefield

Acceleration

4
Developing plasma wakefield technology for energy frontier colliders and


brighter X-ray beams aligned with HEP Roadmaps

• Initial focus on beam quality in plasma 
wakefield accelerators and generating 
beams with unprecedented brightness 
in plasma based injectors


• Additional programs will exploit 
unprecedented beam intensity to 
create bright gamma-ray bursts and 
study SFQED phenomena


• Creating ML/AI based virtual 
diagnostics to characterize extreme 
beams
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FACET-II National User Facility

FACET-II Technical Design Report SLAC-R-1072

User programs with electrons 2022-2026 and possibly beyond

FACET-II 
Accelerator
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FACET-II will Access New Regimes

• ~10µm Emittance


• ~100kA Peak current (sub-µm bunch length)


• ~100nm focal size from plasma lens


• ~1012 V/cm radial electric field


• ~1024 e-/cm3 beam density

Improved longitudinal and transverse emittance from the photoinjector allows FACET-II to deliver

beams with unprecedented intensities to address HEP roadmaps and open new science directions
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Plasma Wakefield Acceleration at FACET-II (E-300)

PWFA collaborations bring together state of the art SLAC accelerator facilities with the breadth of 
expertise in University communities to address research needs highlighted in HEP roadmaps

PWFA Experiments at 

FACET demonstrated:


• High-gradients 

(>10GeV/m)


• Large energy gain 

(9GeV)


• High instantaneous 

efficiency (30%)

FACET-II Plasma Source

FACET-II experiments will focus on beam quality


• Facility upgrades: photoinjector beam, final focus, differential pumping


• Users developing upgraded plasma sources and specialized diagnostics


• Combines theory, advanced computation and experiments

C Joshi et al 2018 Plasma Phys. Control. Fusion 60 034001
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Started Experimental Programs Focussed on Single Bunch

The drive beam is meeting the requirements for two-bunch PWFA to come

• Beam Ionized H2 and He plasmas (and Be windows!)

• Data is qualitatively very similar to single bunch 

experiments at FFTB & FACET

• Deceleration of beam core down to < 1GeV with few 

GeV gain by tail particles

• Large energy fraction transferred to the wake

• No obvious reduction in performance due to CSR 

induced hosing

E300 first results 15
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Figure 6. Energy loss and gain: comparison with PIC simulations. (a) Energy
spectrum of an example shot from a 0.3 Torr dataset. Left panel: raw image from
the spectrometer. Right panel: x-integrated energy spectrum. (b) Another example
spectrum from a 1.5 Torr dataset with the spectrometer set to highlight the accelerated
charge. Simultaneous measurements of energy loss portion of the spectrum were
not taken. (c) Energy spectrum of the nominal drive bunch [see Fig. 1(b)] after
interaction with hydrogen gas at varying pressures from PIC simulations (blue lines)
and experiments (thick orange lines). The dashed black lines show the spectrometer
limit for these datasets.

likely the most frequent profile in the experiments.449

5. Energy Deposited into the Wake and Beam-to-Wake Energy Transfer450

E�ciency451

5.1. Energy Deposited by the Beam into the Plasma Wake452

In PWFA, energy transfer from the drive to the trailing or accelerating beam occurs in453

two steps: First, the driver deposits its energy by exciting a large-amplitude wake and454

second, the particles in the trailing bunch extracts energy from this wake as it gains455

energy. In the blowout regime of PWFA reached in previous experiments that used a456

Li plasma [4, 5, 6], the (nonevolving) wake, once formed, does not change as the drive457

beam propagates through the plasma and eventually approaches pump depletion. This458

makes it rather straightforward to determine the energy deposited/extracted into/from459

the wake per unit length over the length of the wake. During this data run on FACET-460

II, we have used just one (drive) bunch to estimate the energy transfer e�ciency from461

E300 first results 10

this paper.313

~4 meters between Be windows

Li oven (top)
Bypass line (bottom)

Expt. chamber spectrometer 
quads dipole dump table

Electron detector (LFOV)SideView2SideView1
vacuum waistTopview

focusing 
quads

X-ray detector

Figure 3. Sketch of the FACET-II experimental area and relevant diagnostics for
the results presented in this paper. The 10 GeV electron beam propagates from left
to right and undergoes focusing by two (only one set is shown) sets of quadrupoles
into the experimental chamber. The region between the two beryllium windows with
< 100 µm self-drilled holes is filled with hydrogen gas at an adjustable pressure (< 5
Torr). Following interaction with the beam (field)-ionized plasma, the electron beam
is dispersed and imaged by an energy spectrometer, comprising finely tunable imaging
quadrupoles, a coarsely adjustable dispersive dipole, and a large field of view (LFOV)
phosphor detector. An x-ray detector measures the integrated betatron x-ray signals.
Three cameras, Topview, Sideview1 and 2 collect the time-integrated plasma light in
the visible portion of the electromagnetic spectrum.

The compressed 10 GeV electron beam was focused by two sets of quadrupoles into314

a continuous flow of hydrogen gas with a tunable pressure between 0.07 Torr to 2.0 Torr315

(maintained within 1% precision). The gas was confined by two 100 µm thick beryllium316

windows, with holes drilled in situ by the electron beam itself, spaced approximately317

four meters apart. The flow is not expected to produce a significant density gradient318

from the upstream to downstream beryllium window. A three-stage di↵erential pumping319

scheme was used to separate the high vacuum (10�9 Torr) in the accelerator from the320

four-meter-long hydrogen gas region between the two beryllium windows which formed321

the hydrogen gas chamber including the auxiliary experimental chamber and the bypass322

line tube. The beam was focused at the location monitored by the topview camera323

(downstream side of the experimental chamber) to a round spot of ⇠30 µm with �⇤ ⇡ 50324

cm.325

As the transverse electric field of the electron beam surpasses the hydrogen molecule326

field ionization threshold, a plasma is rapidly formed. The resulting self-emission from327

this plasma was observed by three cameras covering a total distance of approximately 1.5328

meters [see Fig. 2(a)]. Plasma light was evident on all three cameras for hydrogen gas329

pressures exceeding 0.07 Torr, which indicates the formation of meter-scale plasmas.330

However, this does not necessarily imply that the plasma density, temperature or331

duration of the plasma emission was the same at these three locations. After passing332

through the plasma, the beam was directed to downstream diagnostics, enabling333

measurements of parameters such as charge, energy spectrum, and emittance [34]. The334
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Plasma Accelerated Spectra Reveal Details of Incoming Beam
• Small changes to compression can lead to large change in peak 

current and field-ionized plasma distribution


• Participating charge and energy are loss sensitive current profile 

E300 first results 17
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Figure 7. Deposited energy and e↵ective beam-to-wake energy transfer e�ciency vs.
gas pressure. (a) Deposited energy. The blue and orange lines represent the lower and
upper bound of deposited energy calculated using the spectrometer data. Each data
point represents the average of 10 shots with largest deposited energy and the error
bars indicate the standard deviation. For datasets with pressure  0.3 Torr, the two
curves overlap since charge loss during beam transport after interaction did not happen.
For higher pressures, the unknown energy of the missing charge introduces separation
between the two estimates (lower and upper bound) where the actual deposited energy
falls in the grey shaded region. The green line depicts the results obtained from QPAD
simulations using the nominal current profile [see Fig. 1(b)]. (b) Beam-to-wake energy
transfer e�ciency. The red diamonds in (a) and (b) show the deposited energy and
e�ciency retrieved from the 2.17 Torr dataset shown in Fig. 5(b). Note that the raw
spectral data for 0.3, 1 and 1.5 Torr are not shown here.

shaded region). The actual deposited energy should fall in the grey shaded region.504

The green curve represents the QPAD simulation result. In these simulations, we505

used the nominal current profile depicted in Fig. 1(b) and changed gas pressure only.506

The simulation curve shows a similar trend with the experimental data and suggests a507

deposited energy of ⇠ 7 J for datasets with pressure above 1.0 Torr.508
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Figure 1. Extreme drive bunches and meter-scale plasma generation. (a) Beam
current profile of 100 beamline simulations showing shot-to-shot fluctuations of the
peak current and the position of the current peak when a rms 0.1% amplitude and 0.25-
degree phase jitters of the 2.8 GHz RF are introduced. The inset shows the longitudinal
current profile of the first 25 shots. The lines are vertically shifted to improve clarity.
(b) An example of a current profile derived from a slightly under compressed beam.
The ionization degree, depicted by the black line, is calculated using the ADK model,
showing ionization initiation at 30 kA that reaches full ionization within approximately
4 fs (¡2 µm). The grey shaded region indicates the nonparticipating charge (NPC),
while the orange shaded region represents the participating charge (PC) following
the ionization front. The inset displays the corresponding longitudinal phase space
of the bunch. (c)-(d) Additional examples of a fully compressed and somewhat over
compressed beams arising from the RF jitter. (e)-(g) Spatial distribution of ionization
degree of hydrogen molecule attained using QPAD PIC code at 2 Torr gas pressure
using the beams in (b)-(d), respectively. The white line shows the region of plasma that
is fully ionized. The dashed black curve depicts the spot size evolution in vacuum. (h)
A tabulated summary of important beam, plasma and wakefield characteristic. EDEC
is the peak decelerating electric field of the wake calculated on axis.

Among the most crucial beam parameters is the current profile, or the longitudinal162

phase profile that directly influences the ionization dynamics of the static-fill hydrogen163

gas. The optimal compression of the electron bunch after propagation through the final164

beam compressor before the final focusing optics is sensitive to the radio-frequency (RF)165

amplitude and phase jitter. To investigate this, we introduced in the simulation code a166

rms 0.1% jitter of the RF amplitude and 0.25-degree jitter of the RF phase of the main167

accelerator, and conducted 100 beamline simulations. These numbers are equal to or168

smaller than the level of RF jitter expected for the SLAC linac. The resulting simulated169

current profiles at the interaction point are summarized in Fig. 1(a), with each row170

representing one independent simulation. To enhance clarity, the current profiles of the171

first 25 shots are presented in the inset. These results clearly illustrate that RF jitter172

can introduce substantial fluctuations in the current profile.173

Next steps: Fall 2023 use laser heater for additional stability, pre-ionized plasma (Li and H2) for 
improved efficiency, and two-bunch setup to add witness bunch to study energy gain 2024
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FACET-II Injector Laser Heater

10

Injector laser heater suppresses COTR and provides tunable peak current

• Laser heater increases 
uncorrelated energy spread 
using inverse FEL process


- Effective tool for limiting 
microbunching & CSR


- Tunable peak current


• Similar to LCLS laser heater, 
but more laser power
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E-305: Beam Filamentation and Bright Gamma-ray Bursts

Commissioned many parts of the experiment
• Targets (gas jet and solids)
• Electron and gamma diagnostics
• Laser ionization of gas jet with E305 focusing optics
• Low-resolution shadowgraphy, tests for high-resolution
• Beam-laser overlap methods
• Beam-based characterization of laser-generated plasma

Gas Jet

Beam-ionized plasma trace Gammas

Phys. Rev. Research 4, 023085 (2022)

Nature Photon. 12, 314 (2018) 
Nature Photon. 12, 319 (2018)

RearFront

• Relativistic streaming plasma instabilities 
are pervasive in astrophysics


• CFI and oblique instabilities are believed to:

- Mediate slow down of energetic flows (e.g. in 

GRBs and blazars), shock formation and cosmic-
ray acceleration


- Determine radiation signatures of energetic 
environments

e-  beam

Plasma in Gas Jet
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E-332: Near-field CTR Focusing and Gammas in Beam-multifoil Collisions

Sampath et al., Phys. Rev. Lett. 126, 064801 (2021)

See Aimé Matheron plenary R 09:00 ‘Probing strong-field QED in beam-plasma collisions’

Advances in multi-petawatt laser systems1–3 should soon
allow strong-field quantum electrodynamics (SFQED)
effects4–6 to be induced and probed in extreme-intensity

laser-matter interactions7–18. The main experimental challenge
will be to access, in a controlled manner, a regime characterized
by a quantum parameter χ= E*/Ecr larger than unity, that is,
where charged particles experience in their rest frame an electric
field E! ¼ γ Ek=γþ E? þ v ´B

!! !! ’ γ E? þ v ´B
!! !! stronger than

the Schwinger critical field19Ecr ¼ m2
e c

3=e_ ’ 1:3 ´ 1018 Vm$1

(me is the electron mass, e the elementary charge, c the speed of
light, ℏ the reduced Planck constant, v the particle velocity, γ its
Lorenz factor≫ 1, E∥ and E⊥ the electric field components
respectively parallel and perpendicular to v, and B the magnetic
field). Strong-field QED processes such as quantum nonlinear
inverse Compton scattering (NICS), equivalent to strong-field
quantum synchrotron radiation, and nonlinear Breit-Wheeler
(NBW) electron-positron pair creation become prominent when
χ≳ 16,20, up to the point of profoundly modifying the dynamics
of physical systems subject to such conditions21–25. In recent
years, using laser pulses of ~1021W cm−2 intensity, it has already
become possible to explore some features of NICS in the mar-
ginally quantum regime14,26,27.

Different schemes have been proposed to achieve, and
diagnose28, well-controlled conditions under which the quantum
parameter approaches or exceeds unity. The most common
strategy relies on the head-on collision of an intense laser pulse
with a high-energy electron beam. In the rest frame of the beam,
the laser field strength is boosted by a factor of ~2γ, possibly
leading to high χ values when combining an ultrarelativistic
beam and an ultraintense laser pulse. The first experimental
observation of strong-field QED effects in such a configuration
was made at SLAC29,30, using a ~47 GeV electron beam and a
laser pulse focused to a mildly relativistic intensity of
~0.5 × 1018W cm−2. This seminal experiment attained χ ≈ 0.3
and yielded a total of about one hundred Breit-Wheeler
positrons29. Since then, all-optical laser-beam schemes invol-
ving laser-wakefield-accelerated electron beams31–34 have been
considered as well9,10,35, the first experimental tests of this
configuration achieving χ ≈ 0.2526,27. These scenarios, though,
are characterized by oscillatory driving fields, with tens of fem-
tosecond timescales, and probably even longer given common
intensity contrast issues. Such features should contribute to
blurring the strong-field QED observables, and so seem non-
optimal towards precision studies.

Progress in focusing and compressing high-energy accelerator
beams36, notably using wakefield-induced plasma lenses37–39 and
energy-chirped beams40, can also be leveraged to reach strong-
field QED conditions41,42. Thus, Yakimenko et al.43 recently
proposed to collide two ultrarelativistic (~100 GeV), highly
focused (~10 nm), high-charge (~1 nC) electron beams to achieve
χ≫ 1, and ultimately enter the nonperturbative SFQED regime
characterized by αfχ2/3 ≳ 1 (αf= 1/137 is the fine-structure con-
stant) in which the conventional theoretical framework of strong-
field QED breaks down44–49. In this scenario, the self fields of one
beam act for the other beam as the laser field in a laser-beam
collision, yet with the significant advantage that those fields are
half-cycle-like and sub-femtosecond, thus more adapted, in
principle, to clean strong-field QED measurements. This scheme,
however, necessitates extreme beam parameters and is highly
sensitive to the very precise beam alignment required to ensure
proper overlap and stable head-on collisions. In the likely event of
shot-to-shot jittering, one should rely on the detected gamma-ray
and positron spectra to infer, via a model-dependent deconvo-
lution, the actual interaction conditions, a hurdle in the way of
developing a reliable testbed of strong-field QED models.

Here, as a simpler alternative, we propose to employ a single
ultrarelativistic, highly focused and compressed beam and make it
interact with its own self fields that are reflected (in a broad sense)
off the surface of a solid-density plasma50. Under certain condi-
tions, to be detailed later, this scenario can be viewed as a beam-
beam collision41,42 in which the colliding beam is replaced with
the incoming beam’s image charge on the target (see Fig. 1). In
this simple picture, the total radial electric field vanishes at the
plasma surface, whereas the azimuthal magnetic fields of the
incoming and image beams add up. The microscopic sources of
the image beam fields in the z ≤ 0 space are the induced surface
plasma currents that act to screen the incident beam self fields
inside the solid-density plasma (z > 0). Still, compared to beam-
beam collisions, the beam-plasma scheme is much easier to
implement as it does not involve a second, perfectly aligned
electron beam. Even more importantly, it guarantees the overlap
of the beam with the plasma-induced fields. Therefore, knowing
the initial beam parameters, one can predict with high accuracy
the time evolution of the fields, and hence of the χ parameter
experienced by each beam particle, a key advantage for well-
controlled strong-field QED measurements.

The objective of this work is to demonstrate, through a detailed
analysis based on theoretical modeling and advanced particle-in-
cell (PIC) simulations, the potential of ultrarelativistic beam-
plasma collisions for precision strong-field QED studies. Besides
the strong control over the interaction conditions inherent to this
scheme, the requirement is to reach χ values well above unity, and
over time scales short enough that each beam electron emits on
average less than one gamma-ray photon. This ensures that the
time history of the χ parameter is only determined by the initial
beam parameters and not by the beam evolution during the
interaction, which would complicate the benchmarking of strong-
field QED models.

Our paper is structured as follows. First, we present a proof-of-
concept PIC simulation that reproduces the results of the beam-
beam setup. We then analyze the constraints posed to the beam
shape and electron target density in order to achieve reflection of
the beam self fields. Next, considering the case of an electron
beam of fixed energy (10 GeV) and charge (1 nC) colliding with a
gold foil target, we identify the optimal beam density and aspect

Fig. 1 Beam-plasma concept to probe strong-field QED. An
ultrarelativistic, high-density electron beam (in blue) entering a solid
experiences the intense self fields of its image charge (in magenta) so that
at z= 0, the electric field vanishes while the magnetic field doubles.

ARTICLE COMMUNICATIONS PHYSICS | https://doi.org/10.1038/s42005-023-01263-4

2 COMMUNICATIONS PHYSICS | ����������(2023)�6:141� | https://doi.org/10.1038/s42005-023-01263-4 | www.nature.com/commsphys

Matheron et al., Nature Communication Physics 6 141 (2023)

• An ultrarelativistic, high-density electron beam 
entering a solid experiences the intense self fields of 
its image charge


• At the surface the electric field vanishes while the 
magnetic field doubles


• Repeating for many surfaces focuses the beam 
similar to lens with very short focal length ~ cm
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E-332: Near-field CTR Focusing and Gammas in Beam-multifoil Collisions

10-fold increase in divergence will be clear signature and first experimental demonstration of 
near-field CTR focusing expected in near future

1µm thick Al foils

100µm foil seperation

40 foils in the stack

1mm apertures

Foil damage studied in 
detail as a proxy for strong 
near-field CTR as they 
both originate from 
surface currents

Vacuum

Foil stackEn route to ‘As Built’

Single foil
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adjustable peak (e.g., 
>2e17 cm-3)

E-304: Density Downramp with Gas-jet in Static-fill (GIS) Configuration

14

~4 m H2 between the Be windows

5-mm gas-jet

10 GeV drive beam

2-µm, >60 kA spike

low-current beam
self-focused driver

drive beam self-
focuses (QPAD)

~3 m, up to 5 Torr static-fill 
for acceleration of injected 
bunch (6.5e16 cm-3) (QPAD)

mm scale downramp 
for injection (OSIRIS)

1 2 3 4

1 2
3

injected bunch
driver not 
shown

OSIRIS 3 Import into QPAD

driverinjected 
bunch

4

depleted driver

accelerated 
bunch

QPAD QPAD
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E-310 Trojan Horse-II 

FACET E-210 Trojan Horse:

Perpendicular geometry, thin 
channel bottleneck: εn~µm-rad

~1 GeV, poor charge capture

FACET-II E-310 Trojan Horse-II:

Collinear geometry, wide channel:

Normalized emittance εn~10 nm-rad

>10 GeV, 100% charge capture

Deng et al., Nature Physics 15, 1156, (2019) 1. Bespoke crossed pipe 
system to host tailored, 
wide plasma channel...

2. ...to allow stable collinear 
injection and acceleration... 

3. ..to produce ultrabright 
beams

NeXource (Hidding)



E-310 Trojan Horse-II 

FACET E-210 Trojan Horse:

Perpendicular geometry, thin 
channel bottleneck: εn~µm-rad

~1 GeV, poor charge capture

FACET-II E-310 Trojan Horse-II:

Collinear geometry, wide channel:

Normalized emittance εn~10 nm-rad

>10 GeV, 100% charge capture

Deng et al., Nature Physics 15, 1156, (2019) 1. Bespoke crossed pipe 
system to host tailored, 
wide plasma channel...

2. ...to allow stable collinear 
injection and acceleration... 

3. ..to produce ultrabright 
beams

NeXource (Hidding)

Bernhard Hidding plenary M 10:00
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E-338 PAX: Plasma-driven Attosecond X-ray Source
Large plasma fields


impart large energy chirp

Phased Approach

First stage will chirp + compress beams from FACET-II 
photoinjector

Second stage will compress ultra-high brightness 
beams generated from plasma injector

C. Emma et al., APL Photonics, 6, 076107 (2021)

Current progress

UV-vis and XUV spectrometers commissioned/installed

Compressor chicane design review completed. 
Installation targeting summer 2024 downtime

Science Goals

Demonstrate post-plasma sub-fs compression of e- beams

Measure + characterize XUV CSR for compressed e- beam down 
to 50-100 nm

Using beams from plasma injector (density down ramp, Trojan 
Horse…), compress + measure coherent XUV at 50 nm or below 

See plenary talk by Michael Litos M 09:00

Concept

FACET-II Experiment Schematic

https://doi.org/10.1063/5.0050693
https://doi.org/10.1063/5.0050693
https://doi.org/10.1063/5.0050693
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                                           9                Sebastian Meuren (E-320)

Progress: first electron-laser collisions

E-320 run on August 14, 2022 (dataset 2665)

Electron-laser collisions: gamma signal Scattered electrons – 1st and 2nd harmonic

17

E-320: Probing Strong-field QED on FACET-II

                                           6                Sebastian Meuren (E-320)

Progress: E-320 IP installation in the FACET-II picnic basket

● Common baseplate needs further engineering & tests
● Dielectric OAPs require a safe environment
● Interferometer hasn’t been used for alignment yet 

Setup fully functional, improvements envisioned

Current E-320 setup

see talk by R. Ariniello

• Observe the transition 
from multi-photon 
Compton scattering  
(a0~0.4, χ~0.04) to 
quantum synchrotron 
radiation (a0~4, χ~0.4)


• Witness QED-vacuum 
breakdown via tunneling 
electron-positron pair 
production

                                           3                Sebastian Meuren (E-320)

E-320: major near-term science goals

UCLA group: Naranjo et al., THPAB270, 
                      JACoW, IPAC (2021) 

2023: Transition from perturbative to non-perturbative regime 2024: measure formation length

2024: QED vacuum breakdown (tunneling pair production)

C. Nielsen (Aarhus)

Tunnel exponent 

Individual harmonics
(red shifted edges)

Synchrotron spectrum with 
quantum corrections 

● Electron measurements require detector upgrades

● Pair production requires more laser intensity
and a cleaner electron beam (less background)

● Local constant field approximation (LCFA) breakdown
and detailed investigations of radiation reaction require
the installation of the UCLA pair spectrometer

C. Nielsen (Aarhus)

                                           9                Sebastian Meuren (E-320)

Progress: first electron-laser collisions

E-320 run on August 14, 2022 (dataset 2665)

Electron-laser collisions: gamma signal Scattered electrons – 1st and 2nd harmonic

                                           9                Sebastian Meuren (E-320)

Progress: first electron-laser collisions

E-320 run on August 14, 2022 (dataset 2665)

Electron-laser collisions: gamma signal Scattered electrons – 1st and 2nd harmonic

Nest steps: push the laser intensity up (energy, 
duration, OAPs) and push the backgrounds down
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Extreme Beams Can Be Challenging 

New threshold for micro bunched 
beams at FACET-II

COTR Vacuum activity
Be window 

damage

at 700pC

Traditional diagnostics 
become consumables
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SLAC-PUB-15729

• Laser heater installation will mitigate microbunching and control peak current


• Differential pumping system removed vacuum windows from experimental area

FACET-II has unique challenges related to high intensity beams that require new approaches to 
diagnostics that benefit from advances in ML/AI

https://www.slac.stanford.edu/pubs/slacpubs/15500/slac-pub-15729.pdf
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E326 E327 E327 E325

E325 E331

Landscape of AI/ML Activities at FACET-II

19

Synergistic experiments, individual success enhances all research + facility operation by providing 
new methods to characterize, model and control extreme beams
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E-326: Emittance Diagnostics Optimized for Artificial Intelligence

20

Simulations Experimental Data

• Fringe pattern from interference of 
dipole edge radiation strongly correlated 
with beam emittance and energy spread


• Measured changes to fringe pattern for 
increased emittance and energy spread 
qualitatively agree with simulations


• Comparing approaches to minimize time 
required to match data to simulations

e-beam

Dipole lensDipole

Four dipole bunch 
compressor chicane 
(BC11) at 335MeV point

Brendan O’Shea ECA

Pushing to online non-invasive single shot beam characterization
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E-327: Virtual Diagnostic for Longitudinal Phase Space Prediction and Optimization

21

ML based LPS diagnostic feasibility demonstrated at FACET-II.

Upcoming work focused on shorter bunches, robustness + multiple locations/beam configurations  

Experiment schematic

First results
Neural network


prediction of bunch 
length and LPS in 

FACET-II 
experimental area

Science Goals

Implement a single-shot non-destructive 
ML diagnostic to predict the e-beam LPS 
along the linac. 

Use the ML-diagnostic to customize/
control the LPS for different 
experiments.

Data from 7/8/22 TCAV measurement TCAV measurement TCAV measurement

C. Emma and A. Edelen et al.,PRAB 21 112802 (2018)

https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.21.112802
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FACET-II Positron Upgrade

Will re-examine options with DEO HEP once P5 report is available. With a commitment and strong support 
from SLAC the plan could be executed on 5 year time scale without interruption of existing user program.

• Base infrastructure exists

Potential for experiments on 
positron PWFA has stimulated 

creative new ideas

Positrons represent a unique scientific opportunity with global enthusiasm reflected in 
European Strategy updates, Snowmass preparations and recent workshops

LBNL, DESY, CU Boulder 
and SLAC collaboration
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Presenting on Behalf of Many Collaborations and Colleagues

FACET-II empowers broad user community and user community enables FACET-II



EAAC2023, September 20, 2023              M.J. Hogan            FACET-II

Summary and Outlook

24

• There has been a lot of progress since the last EAAC – we finished the project, 
commissioned the accelerator and recently began the experimental programs


• 2023 presented some challenges but our collaborations have made steady 
progress and are ready for more beam


• FACET-II is delivering high-intensity beams that open new scientific directions 
strongly aligned with HEP roadmaps for plasma acceleration


• FACET-II is leveraging SLAC ML/AI initiatives to develop new methods to 
diagnose and control extreme beams


• We are installing and commissioning important hardware & capabilities to 
benefit the experimental programs: laser heater, LLRF for more stable delivery, 
and two-bunches from the FACET-II injector

Our Users are engaged, we are excited to be beginning the science programs and we look forward 
to many face to face discussions at EAAC2023


