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ABSTRACT

The planned Linac-to-ESA (LESA) beamline and restoration of the A-Line’s
beam transport capability in 2025 will reestablish a test beam program at End
Station A (ESA), with operations targeted for 2027. This initiative builds on
the legacy of the End Station A Test Beam (ESTB) program. LESA’s high
repetition rates, well-timed short bunches, and flexible operating modes makes
it advantageous for advanced detector R&D, such as precision timing and high-
rate detector studies, as needed for HL-LHC upgrade detector testing, and the
broader HEP and NP programs. A series of workshops beginning September
2025 will engage the user community and funding agencies in shaping a sustain-
able test beam program, and defining key community needs in terms of both
beam capabilities and supporting instrumentation.

1 Introduction

The S30XL-LESA team plans to begin early commissioning of beams towards End Station A
(ESA) in late 2025. LESA commissioning will resume after LCLS-II-HE installation and the
associated linac and FEL commissioning are completed. The commissioning of LESA-Aline
will continue during the operation period of SC Linac. An ongoing Test-beam program
could begin in 2027. In this whitepaper, we describe the expected beam parameters and
potential use cases for experiments.

2 The LESA Beamline

The SLAC Linac to End Station A (LESA) beamline will direct parts of the 8GeV LCLS-
II-HE near-CW beam to End Station A (ESA). LESA is designed to operate parasitically
to LCLS-II-HE’s FEL user program by extracting unused Linac bunches. The combination



of LESA beamline, ALine and S30XL has also been known as DASEL; it is described in
detail in [1] and summarized in the Snowmass LOI [2].

The LCLS SC LINAC consists of superconducing cavities operated at 1.3GHz with
its photoelectron gun operated at 186 MHz with a rep rate of 929kHz. The completion
of LCLS-II-HE will provide electron beam at energy of 8 GeV. The electron bunches are
diverted from the beamline in the Beam Switch Yard (BSY) to the Hard and Soft X-ray
(HXR and SXR) undulators by fast kickers. The LESA kicker located at the beginning of
S30XL will extract bunches as well as trains of low-current buckets between bunches from
the BSY beamline, redirect them into the A-line and transport them to End Station A (see
Figures 1, 2, 3).

Even at full-rate operation, the FEL program uses a tiny fraction of the RF photoelec-
tron gun (186 MHz) repetition rate: between every two LCLS-II-HE FEL bunches there
are 200 “empty” RF buckets from the gun at 5.38 ns spacing. These “empty” buckets are
populated at a very low level by dark current originating from the gun, and a subset will be
further filled for LESA users by existing or proposed gun lasers at 1-37 MHz as elaborated
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Figure 1: Layout of LCLS-II-HE and LESA at the end of the SLAC Linac, BSY and ESA.

2.1 Beamline Status and Plans

Commissioning of the recently completed LESA line showed that 10Hz of LCLS-II beam
can be extracted without disturbing other bunches feeding the undulators. We expect this
to be true even at the highest rates. In late 2025 we plan to send these beams into ESA
and characterize them with a limited set of detectors. During 2026 and into 2027, the
superconducting linac will shut down for 15 months to enable the LCLS-II-HE upgrade
from 4 to 8 GeV electron energy. During this period, LESA plans to upgrade the current
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Figure 2: LCLS-II-HE pulse structure showing primary pulses and LESA bunches in ar-
bitrary units and scaling. Blue symbolizes the short pulse FEL kicker and red the long,
flattop LESA pulser.

monitoring system so that the kickers can safely operate at the full rate and to install
and commission a new laser oscillator at 37 MHz, which will source low-charge bunches
of electrons at the LCLS-II-HE gun, in the 1.1us gaps between LCLS-II-HE pulses, for
use by the LESA program, as shown in Figures 2 and 3. This will provide considerably
increased flexibility for the test-beam program, including high-rate applications. In case
the dedicated laser cannot be procured on time, an interim source for LESA pulses at the
gun (at an intermediate rate ~1 MHz) will be pursued using the existing X-LEAP laser.

2.2 Beam Operation Modes and Parameters

The test beam at ESA will operate in parallel to the LCLS-II-HE FEL user program. The
primary beam energy and bunch charge will be chosen by LCLS users (typically 8 GeV)
but LESA users can request low-charge bunches with time structure independent of the
FEL program. The LCLS-II-HE gun operates at the 7th harmonic of the acceleration RF
(1.3GHz), or 186 MHz. The gun produces 'dark current’ in buckets spaced at 5.38 ns. The
gun laser operates at the 200th harmonic of the gun RF, producing electron bunches for
lasing in the undulators every 1.1 micro-seconds. The existing XLEAP-laser can be used to
generate additional low power pulses between the LCLS-II-HE pulses. For the future dark
photon search program in ESA (LDMX) an additional laser would be acquired, increasing
the flexibility of fill patterns (LESA laser mode). Four LESA operation modes are planned,
offering a wide range of primary-beam bunch charges and time structures.

Interleaved mode: LESA is added as additional destination in the global LCLS-II-HE
timing system. Up to 100Hz of primary LCLS-II-HE pulses could be sent into ESA.

X-LEAP laser mode: A second gun laser superimposed on the primary one for pump-
probe experiments at LCLS-II-HE. When LCLS operates in modes that do not involve
this laser, the X-LEAP laser can instead be timed to the LESA kicker, allowing up to
MHz pulses to LESA for test beams.

LESA laser mode: A dedicated laser is required to achieve LESA’s full design rate of
up to 37MHz with controlled bunch charge for LDMX physics. This laser would fire
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Figure 3: Schematic of the LESA beam extraction from the LCLS-II-HE superconducting
linac. The LESA beamline directs unused beam to End Station A downstream of the
extractions to the LCLS-II-HE HXR and SXR undulators. The black vertical lines represent
FEL bunches directed to the various beam lines, Red lines represents exaggerated dark
current, or a specific fill pattern achieved with the XLEAP or LESA lasers.

approximately every 27ns for every 5th 5.38ns bucket. When used for test beams this
will provide the ultimate flexibility in bunch charge and bunch train shaping.

Dark current mode: The S30XL kicker will be timed in-between the LCLS-II-HE FEL
pulses. Any electrons in the 5.38ns spaced buckets are sent to ESA providing CW-like
very low current electron beam. The number of electrons per bucket is subject to gun
performance. LCLS-II-HE operations would like this number to be as close to 0 as
possible. In 2025 in the beam switch yard, we measured on average 7 electrons per
kicker pulse (about 100 buckets).

The accelerator beam parameters of the LESA system are listed in Table 1 for the four
operation modes. The overall timing structure and maximum beam power, or number of
electrons per bunch, are listed.

In each operation mode, a spoiler can be inserted into at the beginning of the A-Line.
This increases the beam energy spread and trajectory of the electrons. The A-Line then
functions as a spectrometer where the beam energy and the number of electrons per pulse
can be chosen by the settings of magnets’ strength and energy and position collimators.
Such degraded beams were routinely delivered to End Station A during the End Station Test
Beam (ESTB) program [3] from 2013-2019. Typically ESTB delivered very few electrons
per bunch (starting from primary bunches of 20-280 pC) and with energies ranging from 2
GeV to the full LCLS beam energy.

The reduction factors and resultant beam parameters in the End Station are independent
of operating mode and shown in Table 2. Note: The number of electrons per bucket and
their energy, that is the energy the A-line will be set to, cannot be chosen independently,
since scattering angle and energy loss in the spoiler are correlated. We also note that the
nominal spot size of ~ 1 cm of the secondary beam can be further expanded to 4x4 cm
using a planned pair of quadrupoles in the End Station.



Table 1:  The accelerator beam parameters of the LESA system are listed for the 4
modes of operation that are foreseen for LESA. For interleaved mode the maximum
allowed kicker rate and the bunch charge set by the photon science program result in
the beam power shown. For the two laser modes, the table assumes that laser intensity
will be adjusted to produce a charge per bunch that limits the current in LESA to a
maximum of 25 nA or less at the chosen kicker rate. The ”"dark current” was measured
after the first LESA dipole in early 2025. Our expectations is that this will be lower in 2027.

Accelerator Parameters | Interleaved | X-LEAP Laser LESA Laser Dark current
SRF Linac Energy 8 GeV 8 GeV 8 GeV 8 GeV
Max Current in LESA <10 nA 25 nA 25 nA <~ 1pA
Maximum Kicker Rate 100 Hz 929 kHz 929 kHz 929 kHz
# bunches per Kick 1 1 18 100
Avg. Bunch Charge 10-100 pC | >167ke-(27 fC) | >4.2ke-(0.7 fC) 0.07 e-
Bunch spacing > 10 ms > 1.08 us 26.9 ns 5.4 ns
Max beam power 8-80 W 200 W 100 W 8 mW

Table 2:  The parameters describing the primary LESA beam as it enters the A-Line
are independent of the operational mode and are listed in the first subsection of the
table, followed by expected beam parameters in ESA. A ”"beam spoiler”, or target, can
be inserted at the beginning of the A-Line. Users can select beam energy and intensity
degraded from the maximum values shown in Table 1. The End Station will be equipped
with two quadrupoles that can be used to blow up the spot size if desired.

Beam Parameters Before Spoiler

Beam spot size (rms) ~100pm
Bunch length (rms) <3 ps
Beam Parameters in ESA, no spoiler

Bunch energy spread <1%
Nominal spot size 1 mm
Spoiler Parameters

Spoiler thickness 0-05r.l
Charge transmission 0 - 100%
Beam Parameters in ESA, with spoiler

Energy 2.0—8.0 GeV
No. of electrons per bucket 0 to few % of original
Nominal spot size 1 cm
Spot size w/ quads 4 cmx4cm




3 A First Look at Test Beam Opportunities

The opportunity to leverage the LCLS Super Conducting Linac via Linac-to-ESA (LESA)
for a detector test beam has been envisioned since the 2018 S30XL/LESA proposal, but
outreach to the user community was tempered by uncertainty about the timeline for beam
availability. The aim of this series of workshops is a renewed and deeper look at community
interest, the feasibility of proposed test beam experiments given LESA’s capabilities and
available instrumentation, and how the needs of the user community may inform improve-
ments to the beamline and instrumentation.

The following principal features of LESA make it appealing to overlapping segments of
the detector R&D community:

Particle type: LESA will deliver 100% pure electrons.

Beam energy: The maximum beam energy available at LESA is 8 GeV, limited by the
SC linac. The expectation is that LCLS-II-HE will exclusively operate at this energy.
Test beam programs generally work with attenuated beam, and have some flexibility
to select lower energies down to about 2 GeV (dictated by stable operation of the
A-Line magnets). Lower-energy attenuated beams were used regularly in the ESTB
program, but the maximum beam intensity available at 2 GeV is orders of magnitude
lower than at 8 GeV.

Timeline and Complementarity: The 2027-28 window, when LESA will start up, is a time
of particularly high demand for test beams globally, due to downtimes of the CERN
and FNAL test beam facilities. Furthermore, for groups based in the Western US,
including many past End Station Test Beam (ESTB) users, the geographic proximity
of SLAC makes it an ideal location.

Precision timing detector testing: As discussed, e.g. at the December 2024 HEPAP
meeting[4], there is growing interest in test beams with short, well-timed bunches

needed to test precision timing detectors. The requisite ps-scale bunch lengths are
readily obtained at LESA.

High-rate detector studies: There is also interest in using the high repetition rate of the
planned LESA laser to enable studies of detectors’ high-rate capabilities. The planned
37 MHz rate of the LESA laser is close to the 40 MHz repetition rate of e.g. the LHC,
facilitating out-of-time pileup studies of a kind impossible at standard test beams.

While the latter two capabilities are relatively unique to LESA, their full utilization is
expected to develop over time, complementing the high demand for more conventional test
beam campaigns.

Applications To illustrate the breadth of test beam applications for LESA, we provide
a high-level summary of the use cases described in [5]. These can be loosely organized into
three areas of application:



1. Detector studies for LHC upgrades and related experiments, such as characterizing
position and timing resolution, and material distributions, in ATLAS silicon detector
prototypes; studying EM shower response and pileup effects in the CMS HGCAL; and
testing pixel tracking and fast timing detectors for ATLAS and future colliders

2. Basic detector R&D efforts, including tests of timing vertex detectors, low-gain avalanche
detectors, R&D towards high-rate and high-resolution calorimetry using the fast scin-
tillation component of BaFs, and studies of EM-induced radiation damage for high-
luminosity electron colliders and EIC

3. Detector development for other experimental programs in HEP and NP, including the
Physics Beyond Colliders umbrella and the MOLLER integrating detectors (in both
single-electron and integrating regimes)
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