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“Don’t complain and don’t explain” 
– Tom Katsouleas



FACET-II User Meeting, October 17-19, 2023              M.J. Hogan            Facility Status and Expectations for FY24

Experiments Have Resumed in S20 Experimental Area

4

• We restored RF and beam in the 
FACET-II injector end of July 

• Early August recovered to 2nC in 
injector 

• August focused on commissioning 
the new laser heater (talk by Claudio) 

• On September 25th there was 
enough RF available to make 10 GeV 

• Beam was transported through the 
Experimental area to the main beam 
dump with low energy spread and 
~20µm spots (talk by Jerry)

First experiments started in October

See talks by David (E-320) and Sebastien (E-305/332)
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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 will resume operation next week and run until 
the Thanksgiving Holiday

Off Q4FY24

Next Program Advisory Committee Meeting Fall 2024
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Global Schedule Under Development

6

• Piloted new scheduling software over 
the summer with good success 

• AirTable schedule supports accelerator 
milestones, experimental shift 
dependencies, PAMM goals… 

• Cyber-safe public version will be online 
for Users to keep up to date soon

Get your shift plans in to Brendan
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Three Basic Accelerator Configurations

7

• Highest energy and low backgrounds (13GeV, low σE, σz = 100µm, 1m betas) 

- SFQED  

• Single bunch with high peak current (50-300kA, 0.1-10m betas) 

- Filamentation 

- NFCTR focussing 

- TH & DDR injection 

- Wake imaging 

• Two-bunch (1.3/0.6nC, 30/15kA , 150µm separation, 5-50cm betas) 

- PWFA emittance preservation under high beam-loading 

- PWFA hosing suppression 

- Wake imaging

These configurations satisfy the experiments currently invited for beam time

Talks by Jerry and Nathan
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Looking Ahead to Fully Compressed Single Bunches: 
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 loss are sensitive to 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

E300 first results 5
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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

Details in Chan’s E-300 presentation
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Injector laser heater suppresses COTR, enhances stability and provides tunable peak current

FACET-II Injector Laser Heater

• Laser heater increases 
uncorrelated energy spread 
using inverse FEL process 

- Effective tool for limiting 
microbunching & CSR 

- Tunable peak current 

- Enhances stability

Injector beamline
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See talk by Claudio Emma
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Extreme Beams are a Challenge and an Opportunity

10

Unprecedented intensities allow us to access new regimes and explore new 
scientific directions 

• They also drill our vacuum windows, profile monitors and wire scanners 

An important part of the FACET-II program has always been developing  
new techniques to diagnose and control these beams 

• Tuesday talk by Claire on EOS BPM progress 

• Wednesday morning session on ML/AI for diagnostics and control of 
extreme beams: Alex (E-325), Brendan (E-326), Claudio (E-327) and 
Auralee (E-331) 

• Novel diagnostics e.g. Wednesday Gerard on Gas Sheet Viewscreen (E-322)

Be window

Gas Sheet ViewscreenSimulations Experiment

E-326 E-326
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The Experimental Area Design was Coordinated with the FACET-II User Community to 
Accommodate Many Experiments with Minimal Reconfiguration

11

Len Mover

EOS-BPM
M2 Mover

SFQED
Target Mount

Jet View

Probe Line

M1

M3OAP1

OAP2

BS1

Picnic basket configurations and main assemblies

FACET-II PAC Meeting, October 25-27, 2022                 R. Ariniello           Picnic Basket Installations and Upgrades 4

The picnic basket lets us switch between different experimental configurations remotely

The picnic basket is filled with 7 major 
assemblies:
1. Lens Mover

Switches/removes main laser optic 

2. EOS-BPM
Electro-optic sampling beam position monitor

3. M2 Mover

4. SFQED
E320 experimental apparatus

5. Target Mount
Switches between different targets

6. Jet View

7. Probe Line
E324 laser probe

In addition, there is a steering mirror M1

PICNIC BASKET

Have a look: Video Tour and Street-view

10 TW laser; solid, gas 
and plasma targets of 

various density & length; 
specialized electron, X-

ray and Gamma-ray 
diagnostics 

Overview talks on high power laser & Picnic Basket (Robert) and laser probe lines (Alex) 

https://drive.google.com/file/d/1LvftKMEuMSQgEPpcF_VJ4TJ9Iqyvogb-/view?usp=sharing
https://my.matterport.com/show/?m=E6rRJHvAB27
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Novel Focusing, Injector and Radiation Generation Concepts

12

Plasma Lens

Bringing the full compliment of Picnic Basket and Laser Probe capabilities online will enable 
extreme focusing, ultra-bright beam generation and novel radiation source experiments

Talks by Mike (E-308), Bernhard & Andrew (E-310 et al), Chaojie (E-304) and Ago (E-338)
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Final focus quadrupoles and DPS apertures

X-band transverse deflecting cavity

US-DPS turbopumps

Spectrometer quadrupoles

Main ionization laser

Downstream differential pumping  system

Upstream differential pumping system
                              

DS-DPS turbopumps

Electron Beam

X-ray and gamma diagnostics

Electron diagnostics
Spectrometer dipole

Beam, laser, and plasma diagnostics

Gas jets, solid targets, and laser optics

Lithium oven plasma source

Bypass line and plasma viewports

FIG. 2. The FACET-II experimental area beamline showing the key hardware in the plasma research program - final focus
system on the left containing the X-band transverse deflecting cavity and upstream di↵erential pumping system (US-DPS).
This is followed by the Interaction Point (IP) area containing the plasma sources, laser integration optics, and diagnostics.
The lithium oven and bypass may be remotely actuated to switch the beam path between plasma sources. The spectrometer
beamline transmits the beam to the beam dump and contains the downstream di↵erential pumping system (DS-DPS) and
electron and betatron diagnostics.

is capable of focusing the few µm emittance beams to a
3-4 µm spot size at the beam waist, allowing for match-
ing into the plasma source. This is followed by a spec-
trometer beamline for characterizing the electron beams
and photons exiting the interaction point. The reimaging
electron spectrometer consists of a magnetic quadrupole
triplet for capturing and refocusing the beam exiting the
IP, and a dipole magnet to provide vertical dispersion
to the electron beam for energy resolved measurements.
These diagnostics will be described in detail in section
IV.

A. Plasma sources

Two types of plasma sources are used at the IP for
PWFA studies, utilizing either lithium vapor or hydrogen
gas to form a plasma. Lithium plasma sources have been
employed in the previous PWFA experiments at SLAC
in FFTB and FACET, and make use of the fact that
the outermost electron of lithium is relatively easy to
ionize either by beam-ionization or by preionization with
a laser. Hydrogen gas may be utilized in either a static
fill or gas jet, and has a higher ionization threshold which
allows for plasma ramp shaping via laser ionization [22].

The lithium plasma is generated in a heat pipe oven
where a uniform column of neutral lithium vapor is pro-
duced by heating a section of beam pipe containing solid
lithium to temperatures of up to 1000 °C. The uniform
density region of this column is contained to a length
of approximately 40 cm by a helium bu↵er gas exerting
several Torr of pressure, resulting in (10%-90%) lithium
density ramps at the start and end of the heated section
over a length of approximately 10 cm. Although the va-

por pressure of lithium is very sensitive to the oven tem-
perature, we have achieved near uniform flat top lithium
vapor column densities of up to 8 ⇥ 1016 cm�3 utiliz-
ing helium bu↵er pressures of up to 10Torr. The low
ionization energy of lithium compared to helium allows
for the formation of a pure lithium plasma with number
density matching the gas density of lithium when field-
induced beam ionization is used. However, if the beam
current becomes too high, then partial beam ionization
of the helium bu↵er gas can occur as the beam focus ap-
proaches the plasma oven, interfering with matching into
the plasma, and causing the injection of dark current into
the plasma.

A bypass beamline is positioned parallel to the lithium
plasma oven to allow for beam tuning without passing the
beam through the lithium oven when it is at operational
temperature. The oven and bypass lines are installed
on an actuated table to allow for remotely switching be-
tween the two. This bypass beamline also allows for a
static fill of gas, such as hydrogen, to be utilized for the
formation of hydrogen plasma. Hydrogen plasma is im-
portant to study as the maximum repetition rate that a
plasma accelerator may be operated at is determined by
the time interval for the plasma to reset between shots.
This is determined by the time it takes the plasma to
both return to a neutral recombined atomic state and
thermal equilibrium. This in turn will be set by how
much energy is left in the wake after the acceleration of
the trailing bunch and the repetition rate of the machine.
For a lithium vapor plasma, the energy deposited into the
plasma by the drive beam will go into increasing the over-
all thermal-kinetic energy of the system, and hence the
length of the gas column. This places a limit to the rep-
etition rate on the order of 1Hz in a CW mode or 10 Hz

Systems are in Place to Begin Two-Bunch PWFA in 2024
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FIG. 4. The measured dispersive quad scan of the beam in the
single-bunch configuration. The plot in (a) shows the emit-
tance extracted as a function energy, with a value of approx-
imately 40 µm across the core of the bunch, and the waist �
with a minimum value of 30 cm in this range. The beam pro-
file becomes non-Gaussian at energies above 10.1GeV leading
to a poor fit in this range. (b) shows the current profile of the
bunch, and (c) shows a single-shot image of the beam in the
middle of the quad scan when M12 is nominally set to 0.

and the transverse beam size as determined by the Twiss
parameters: �R,res/E =

p
�2
im + �y✏n/�/⌘.

The imaging resolution of this screen was measured
at 4.5 µm and the vertical dispersion, ⌘, at the loca-
tion of the screen is nominally 60mm. In the nominal
PWFA configuration, the transverse beam size

p
�y✏n/�

will be on the order of 3 – 4µm for an emittance pre-
served beam, leading to an overall energy resolution of
0.01%, or 1MeV. For the initial run parameters with nor-
malized emittance on the order of 40 µm and with an IP
beta function of 50 cm, the energy resolution at 10GeV is
dominated by the transverse beam size of ⇠50 µm, lead-
ing to a resolution of 0.1% or 10MeV. The energy profile
of the current single bunch beam without plasma inter-
action was shown in Fig 4(b and c), with a measured
FWHM energy spread of 3%.

To measure large electron energy ranges, either of two
large field of view profile monitors are used. The first
employs the GOS-based scintillator DRZ™-FINE that
stretches from above the zero-dispersion axis down to
a dispersion level of 120mm. At the nominal setting of
the spectrometer dipole, this results in a visible range
down to about 5GeV. The spectrometer dipole strength

may be lowered to down to 25% of the nominal value, de-
creasing the lower extent visible on this diagnostic down
to ⇠ 1GeV. The relative energy resolution of this di-
agnostic is dominated by the pixel size of the imaging
system, resulting in an energy resolution of 0.15%. A
second screen located several meters upstream can be
used to extend the low energy portion of the spectrum to
⇠ 0.25GeV. Charge below 250MeV will be undetectable
by direct observation using the magnetic spectrometer as
these low energy electrons are deflected into spectrome-
ter dipole chamber wall prior to the opportunity for mea-
surement. However, it is possible to insert a Cherenkov
cell based spectrometer in the beamline directly after the
plasma for use as a threshold energy detector [36]. The
dipole strength may also be increased to allow the high
energy portion of the electron spectrum to be imaged
with higher energy resolution as an energy gain diagnos-
tic.

The main limitations of the scintillation screen spec-
trometer diagnostic are the saturation of the scintillat-
ing centers and damage to the screen material leading
to permanent loss of light output at locations of high
beam intensity. To overcome these challenges, the sec-
ond large field of view diagnostic that is employed is a
Cherenkov light-based electron spectrometer as described
in detail in [31]. This transverse beam profile moni-
tor images the Cherenkov light emitted by beam elec-
trons as they pass through a small air gap before the
beam dump. The Cherenkov light is reflected from the
beam path by a beam intersecting polished silicon wafer.
Since Cherenkov light is emitted with high linearity with
charge density, and the silicon reflecting surface has a rel-
atively high damage threshold, this diagnostic provides a
higher dynamic range and robustness than the scintillator
screen. The spatial resolution at 10GeV is 250 µm, with
the main contribution coming from the multiple scatter-
ing through the 5mm aluminum vacuum exit window.
This translates to an energy resolution of 0.4% at 10 GeV.

Additional non-invasive measurements of the energy
spectrum of the incoming beam are performed using the
SYAG diagnostic prior to the IP. This device is located
within the final bunch compressor at a location with large
horizontal dispersion and is comprised of a short, three-
magnet vertical chicane to generate the emission of syn-
chrotron photons from the beam electrons which are in-
tercepted by a Cerium doped Yittrium Aluminum Gar-
net (YAG) scintillator screen for detection. Due to the
horizontal dispersion of the beam at this location, the
horizontal profile of the X-rays represents the energy dis-
tribution of the electron beam.

During the initial phases of beam development, the
presence of coherent OTR (COTR) detected on OTR
screens near the IP and spectrometer diagnostics indi-
cate that the electron bunches can contain high current
structure on top of the bunch profile visible on the present
diagnostics, possibly due to unmitigated microbunching
occurring early in the linac. While the microbunching it-
self will ultimately be suppressed by the use of the laser

12

tion. Given the uncertainty surrounding the energy of
the missing charge, we can only establish a lower-bound
estimate for the energy transferred to the wake. This es-
timate assumes that the missing charge possesses a max-
imum energy equivalent to the lower cuto↵ of the field of
view, which is 4.9GeV. A 5% error margin is included in
the plot to accommodate for electrons that remain within
the visible field of view, but remaining undetected due to
low intensity. By factoring in the missing charge using
this approach, we can establish a conservative estimate
that suggests at least 5 J of energy is transferred to the
wake. This corresponds to a minimum e↵ective beam-to-
wake transfer e�ciency of approximately 50% from the
1 nC of charge that participates in the interaction.

The intensity of betatron radiation is superimposed on
the same plot as the estimated wake energy, revealing a
strong correlation with the energy transferred to the wake
in shots where the majority of the charge is visible on the
screen. While there is not a conclusive argument that
this correlation should always hold true, this correlation
extends to follow the estimated lower limit accounting for
missing charge on later shots in the series experiencing
significant energy loss.

Evidently there exists some fine microstructure within
the electron bunch that produces the the beam current
intensity required to initiate the ionization and plasma
focusing required to sustain such a plasma interaction.
This may be either a sharp longitudinal horn near the
head of the bunch, or modulation due to the microbunch-
ing instability. The rationale for why the beam was found
to be able to ionize hydrogen and transfer energy to the
plasma with such e�ciency with the present beam con-
ditions will be expanded within a separate publication
[26].

Evidence of acceleration by PWFA was measured by
imaging the electron spectra at energies above 10GeV.
FIG. 8 shows the electron spectrum acquired with the
spectrometer set to image 12.5GeV electrons from the
end of the gas column. This spectrum shows decelerated
electrons with energy < 10GeV, indicating the presence
of a strong wake generation, and charge extending to be-
yond 13GeV in this shot. We infer that this accelerated
charge originated from the small faction of electrons far
within the tail of the single bunch that find experience
the accelerating phase of the plasma wakefields.

Performing a single shot emittance measurement on
the charge around 12.5GeV, as described in the prior
section provides both a normalized emittance value of
approximately 1500 µm, and places the exit from the
plasma precisely at the location of the end of the gas
column, with a waist � of 17 cm. While the scale of the
emittance measured here is extremely large, this in part
due to the presumed large emittance of the electrons far
within the tail of the bunch, and also due to no e↵ort
made in matching these electrons to the plasma. This
analysis however serves as a first implementation of this
single shot emittance measurement in the new FACET-
II beamline, and provides useful information about the

length of the plasma. The overall length of the plasma
can be determined to extend at least 3m from the first IP
camera that detects plasma light near the incoming beam
waist, to the location of the measured waist position at
the plasma exit.
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FIG. 8. (a) The electron energy spectrum with the spec-
trometer set to reimage at an energy of 12.5GeV. Energy
depleted electrons are visible at energies below 10GeV, while
some 10’s of pC of charge are accelerated up to ⇠ 13.5GeV
in this shot. An emittance analysis was performed for the
charge indicated by the box, with charge distribution shown
in (b). (c) The beam width as a function of energy, and the
emittance fit function overlaid which provides a normalized
emittance of approximately 1500 µm. The Twiss parameters
determined from the fit indicate that the beam waist (and
hence the exit from the plasma) was located at the location
of the Beryllium window.

VI. CONCLUSION

We have introduced here the experimental setup, accel-
erator parameters, and beam diagnostics required to sup-
port the research program at FACET-II to demonstrate
a single stage of a plasma-based accelerator that ap-
proaches the parameters essential for applications rang-
ing from linear colliders to high brightness light sources.
In our preliminary investigations of the beam plasma
interaction with single bunches, we have observed the
formation of beam-ionized plasmas extending for several
meters in length within hydrogen gas. Through measure-
ments of the resulting electron spectrum, plasma emis-
sion light, and betatron radiation after the plasma in-
teraction, we have established that the present beam

10

Drive Bunch

Witness Bunch

(a)

-5 0 5
x position [mm]

-1.5

-1

-0.5

0

0.5

1

1.5

2

y 
po

si
tio

n 
[m

m
]

(b)

9.8

9.9

10

10.1

10.2

En
er

gy
 [G

eV
]

0 10 20
Charge [pC/MeV]

(c)

-150 -100 -50 0 50 100 150
Longitudinal Position [µm]

0

5

10

15

C
ur

re
nt

 [k
A]

Current Profile
XTCAV Measurement

FIG. 6. Simulated measurement of the longitudinal phase
space measured with the XTCAV and the high resolution
beam profile monitor in the magnetic spectrometer. (a) The
transverse profile imaged on the spectrometer high resolution
beam profile monitor. The horizontal position axis provides
the longitudinal profile due to the horizontal streak applied
by the XTCAV and the vertical position axis provides the en-
ergy due to the magnetic spectrometer dipole. In (b) and (c),
the beam energy and current profiles are shown as the shaded
areas and the measured profiles from the calibrated XTCAV
image are represented by the solid lines. With the beamline
optics tuned to the witness bunch energy, the drive bunch re-
construction su↵ers slightly due to the energy di↵erence.

D. Betatron Radiation

As the drive and trailing bunches transit through the
plasma cell, electrons in both bunches experience the
large transverse forces present within the plasma bub-
ble. This force can induce betatron oscillations in the
trajectories of the beam electrons, leading to the emis-
sion of betatron radiation in the direction of propagation
that is similar to the synchrotron radiation generated in
a high-K wiggler. This betatron radiation can be used to
diagnose the transverse dynamics of the drive and trail-
ing bunches within the plasma, providing information on
matching into and out of the plasma and the transverse
hosing instability [41]. For the FACET-II beam parame-
ters, the betatron radiation is emitted with several mil-
liradian divergence and with a photon energy spectra in
the range of keV up to ⇠ 1MeV.
A set of scintillation-based detectors are employed in

air in the spectrometer beamline to retrieve angular and
spectral information of x-ray and �-ray energy photons of

photons produced at the IP. Photons with energy below
10-20 keV are blocked by the 5mm aluminum vacuum
exit window, but higher energy photons are transmit-
ted through for detection. These photons are first in-
tercepted by a uniform scintillator screen to record their
angular distribution and integrated intensity by either
a GOS-based DRZ-FINE scintillator screen[42] for high
resolution measurements, or a CsI pixellated array with
0.5⇥ 0.5mm pixel size[43] for increased sensitivity.
A second scintillation screen provides spectral infor-

mation by recording the intensity immediately behind a
set of filter materials arranged in a pie shape around the
photon-axis. Two of these filter materials act as a pair
of Ross filters [44], with material and thickness chosen
for sensitivity to photons of energy < 100 keV. The re-
maining 10 filters are comprised of various thicknesses
of copper up to 8mm, and tungsten up to 3mm, and
one segment with no filter material for reference. The
scintillator response behind each filter is impacted by
the photon-energy dependent conversion and transmis-
sion rates through each material. By determining the
intensity behind each filter and comparing to simulated
responses using GEANT4, information about the pho-
ton energy distribution can be determined, such as the
critical energy of a synchrotron-like spectrum [45].
Additionally, a Compton spectrometer is being devel-

oped to provide energy-angular double di↵erential mea-
surements of the betatron radiation in the range of
180 keV to 28MeV [46]. This device will perform the
measurement in vacuum, ⇠ 2m prior to the spectrome-
ter diagnostics table.

V. INITIAL BEAM PLASMA INTERACTION
STUDIES

Two decades of beam-plasma interaction experiments
have clearly indicated that for a 10GeV-class electron or
positron bunch that has nC’s of charge, the most sensitive
diagnostics of the beam brightness is the plasma itself
[47]. The ability of the beam to drive ionization and the
generation of a wake in the plasma may only be explained
by the beam providing su�cient field intensity to do so.
Therefore, the most sensitive diagnostic of the incoming
beam conditions is changes to the beam spot size, energy
loss or gain of di↵erent slices of the beam, or the amount
of radiation emitted by the charged particles as the bunch
traverses a given length of a plasma column.
Beam delivery to users at FACET-II started in 2022

for user assisted commissioning of beam delivery and ex-
perimental systems. Delivery to users was interleaved
into the beam commissioning to allow for users to exer-
cise equipment, develop data acquisition techniques, and
gain first insights into their experimental programs. Dur-
ing this phase, the beam was delivered in single bunch
mode with nominal bunch charge of 1.6 nC, transverse
spot sizes down to ⇠20⇥20 µm2, and bunch lengths of
⇠20 µm.

• Differential pumping system

• Diagnostics for emittance (single and multi-shot)

Collaboration has created robust infrastructure where progress for individual programs benefits 
the whole community

and static fill H2 and He (laser and beam ionized)
fully commissioned with Li oven, gas jets

See talk by Doug Storey
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New Additions to the User Area
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• We continue to look to the future as we plan for upgrades e.g. Post-plasma  
Chicane, Gamma Detection Chamber and spectrometers

Talks by Carsten Hast & Brian Naranjo 

The Experimental Area will continue to evolve to meet the needs of the User Community

Spectrometer 
Dipole PDC EDC GDC ButterflyPost-plasma 

Chicane

GDC
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FACET-II Camera Diagnostics
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• Digital cameras are the main diagnostic for 
experiments at FACET-II 

• Their uptime and performance are critical to the 
success of the facility

Film-based dosimeter

RADFET sensor

Region S10 
Laser

Injector L1 and 
BC11

L2 and 
BC14

BC20 S20 Laser IP Area EDC/ 
Dump

Total

Deployed (2022) 7 3 6 3 2 21 24 12 78

Deployed (2023) 9 8 9 3 2 24 24 13 92

Planned 11 8 11 6 5 24 30 16 111

Date

Camera Watchdog software and RADFET sensors to monitor camera performance in the 
radiation environment

For details – talk to Sharon and Spencer
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FACET and Test Facilities Division
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Advanced Accelerator Research 

• Organize and participate in 
science program aligned with 
HEP Roadmaps 

Test Facilities 

• Takes care of Users 

FACET-II Operations 

• Makes the machine work for you

New staff are bringing energy and creative ideas
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FACET-II Positron Upgrade
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Will re-examine options with DOE 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.

Potential for experiments on positron 
PWFA has stimulated creative new 

ideas – focus of the Thursday session

• Positrons represent a unique scientific opportunity with global enthusiasm 

- Snowmass preparations, European Strategy updates and recent workshops (AAC/EAAC)

LBNL, DESY, CU Boulder 
and SLAC collaboration
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Agenda for the Next Three Days
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• We are happy we can provide coffee, 
cookies and lunch without registration 

• Tonight the Dutch Goose 

• Wednesday Reception in B52 

• When it’s time to present, connect to zoom 
and share your slides so remote participants 
can follow along 

• Please provide a copy of your slides to 
Nadya to attach to the agenda
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Summary and Outlook
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• There has been a lot of progress since the last PAC – data analysis has yielded 
fresh insights, first publications and steady progress improving systems in the 
experimental area 

• 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, 
Gamma Detection Chamber, and two-bunches from the FACET-II injector

We are excited to be re-starting the science programs and we look forward to many face to face 
discussions here at the 2023 User Meeting


